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The FIRST A.C. Electric locomotive 
for British Railways... 


al 
; 


British Railways type ‘‘A’’ 3,300 h.p. 25 kV 50 cycle a.c. electric locomotive, one of 23 being supplied by 
Associated Electrical Industries Ltd., for service on the London Midland Region. 
(photo by courtesy of British Railways) 


‘5 fitted with QMS) BRAKES 


The vacuum controlled straight-air brake operates the air brake on the 
4 locomotive in conjunction with the vacuum brake application on the train. 

An independent air brake valve is fitted for controlling the locomotive 

when running light or hauling unbraked stock. 

All the equipment is of the latest Westinghouse lightweight type-the 

modern brake for modern conditions. 


Brakes made in England by — 
Westinghouse Brake and Signal Co. Ltd., 82 York Way, Kings Cross, London, N.1 
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Specialities : 


Traction problems. 
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Trans Europ Express. 

Railway lubrication. 

Steam and Diesel locomotives. 
Railway electrification. 
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Electric traction equipment. 
Polished plate glass. 

Speed indicators and recorders. 
Air brakes. 

Diesel electric locomotives. 
Complete electrical equipment for locomotives. 
Permanent way equipment. 


Lightweight railway coaches. Diesel locomotives. 
Wagons. 
Axleboxes. 


Automatic slack adjusters. 
Industrial ventilation. 


Signalling equipment. 


Axleboxes. 

Steel railway materials. 
Steam heating systems. 
Locomotives. 

Railway signalling. Brakes. 
Rails, fish plates, sole plates. 
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Design today 


to brake the trains of fenintrae 


Modern brake testing equipment of latest design in conjunction with 
continuous research in their Munich Works enables KNORR-Bremse to 
find an early answer to current and future problems that might arise in 
the field of keeping power propelled vehicles under safe control. Tested 
on the illustrated brake test bench was the latest addition to the KNORR 
range of train brakes: the KE-Air Brake, which has been employed since 
1954 on a large number of railway vehicles operated by the German 
Federal Railways. 

Today, the KE-brake, which has been designed to master train speeds 
far higher than can possibly be expected within the next decades, has 
already gained a world-wide reputation and is fitted to more than 
100,000 units now serving in 22 different countries of the world to ensure 
“rail safety”. 

In the course of fifty years of research, design and development KNORR- 
Bremse, always one of the leading firms amongst brake manufacturers, 
have fully contributed towards the good results achieved in the field of 
brake application. KNORR-Bremse stands for Quality all the world over. 


KNORR-BREMSE GMBH MUNICH W. GERMANY 


Illustrated above is the KNORR brake test bench, designed to suit a brake 
system capable of safely decelerating a train consisting of 204 rail coaches/ 
waggons and 2 locomotives. 
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Pressed Steel 
help modernise railways 
at home and overseas 


In the last ten years Pressed Steel have produced over ninety 
thousand units of rolling stock for railways at home and 
overseas. Pressed Steel possess the equipment and the know- 
how to make rolling stock of any type for any gauge any- 
where in the world. 


BRI ISH RAILW2 YS PHOJOGKAPH, 


Electric Multiple Unit made by Pressed Steel for British Railways. 


PRESSED STEELE “*GOMPANY EIMiiiE IS 


Head Office: RAILWAY DIVISION—LINWOOD FACTORY, PAISLEY, SCOTLAND. London Office: RAILWAY DIVISION— 


47 VICTORIA STREET, LONDON, SWI. Registered Office: COWLEY, OXFORD. Brussels Office: CANTERSTEEN 7s 
GALERIE RAVENSTEIN 30, BRUSSELS 1, BELGIUM. Pressed Steel Company are also manufacturers of motor car 
bodies, Prestcold refrigeration equipment and pressings of all kinds. 


C.T.C. system with many 
possibilities 


During the past few years L M Ericssons Signalaktiebolag has delivered 


C.T.C. equipments with 


— control buttons concentrated 


in a_ keyset. 


Train routes are established by 


keying a fourdigit number. 


Swedish State Railways 


— control buttons placed along 


the track on the track diagram. 


Train routes are established by 
simultaneous depression of two 
buttons. one at the start and 


one at the end of the route. 


Danish State Railways 


— control levers placed below 


the track on the track diagram. 


Train routes are established by 
first positioning the point and 
signal levers and then pressing 


a button. 


Taiwan (erera) Railway 


LM ERICSSONS SIGNALAKTIEBOLAG 


Lovholmsvagen 93, Stockholm Sv, Sweden 


VAPOR PRODUCTS | 


sewing railroads 
over hundreds of 
millions of miles 


Your attention is directed to the record of 
VAPOR products — in railroad service for 
over fifty years. Now used in 25 countries in 
Europe and over the world, VAPOR equip- 
ment includes all components of the steam 
or hot water heating system — from heat 
source, through regulators, radiation, valves, 
and thermostatic controls. Also, where elec- 
tric heat is necessary, VAPOR Control Sys- 
tems have found wide use with most satis- 
factory results. 


The VAPOR model OK steam generator is sectionally illustrated here to show you 
its sturdy construction. The unit is robust, reliable, and compact — with exception- 
ally high output per unit of weight, on axles. Vital statistics of OK-4616 : sustained 
output — 750 kg/h; operating weight — 1,350 kg; overall dimensions — 165 x 110 
x 160 cm. Similar models available with outputs ranging from 225 to 2,000 kg/h. 


The VAPOR Thermostat shown here is just one in the hundreds of model and 
voltage designations now controlling railroad heating systems and air conditioning. 
VAPOR temperature controls are characterized by accurate performance and 
simple maintenance. They flatten the curve of temperature variation to within one 
degree centigrade, and all are manufactured to rigorous standards on exclusively 
patented production equipment. 


EQUIPMENT MADE IN HOLLAND 


Also illustrated in section — the compact VAPOR 4915-6 Circulating Water Heater 
(approx. 115kg and 70 x 40 x 48cm, with 32,000 kg Cal/h output). Widely utilized 
in heating systems on diesel railcars, and on diesel locomotives to automatically 
maintain full operating temperature of the engine coolant liquid. This of course 
assures full operating efficiency of the diesel, and eliminates the need for wasteful 
idling while on siding waiting for load. 


Also available for lower heat output requirement the highly efficient B. 70 heater 
with a capacity of 16,000 kg Cal. 


You are cordially invited to send for complete information. Please write to 


VAPOR INTERNATIONAL CORPORATION, LTD. 


224, SOUTH MICHIGAN AVENUE CHICAGO 4, ILLINOIS, U.S.A. 


or for the equipment made in Holland to 


VAPOR INTERNATIONAL CORPORATION, HOLLAND N.V. 
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‘ENGLISH ELECTRIC’ delivered the first main-line diesel- 
electric locomotive under the British Railways Moderni- 
sation Plan. 

‘ ENGLISH ELECTRIC’ equipped the first 25 kV A.C. multiple 
unit stock to operate in Great Britain. 


‘ ENGLISH ELECTRIC’ receive the first repeat order for A.C. 
multiple unit train equipments. 


ENGLISH ELECTRIC 


in association with: 
VULCAN FOUNDRY +« ROBERT STEPHENSON & HAWTHORNS 
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The pattern shown in the rail section above was produced 
by the photo-elastic method. A model of the section was 
cut out from a }” thick sheet of a transparent material, 
mounted in a frame at a tilt of 1 in 20 and loaded to 
represent service conditions. Polarised light projected 
through the model produces the stress pattern on a screen. 
The fringes (or bands) on the pattern join up points of 
equal shear stress. The actual value of the shear stress 


WORKINGTON 


1X 


NOLO NIVAOM 


along any fringe is proportional to the number of fringes 
counted from an unstressed area or counted as they spread 
outwards from the regions of highest stress, as the loading 
is increased. The method is useful for the comparison of 
different rail sections and particularly for the examination 
of proposed new sections. It can be complementary to the 
measurement of strains in actual rails loaded in a special 
test frame. 


RAILS . FISHPLATES - BASEPLATES 
STEEL SLEEPERS 
*HEY-BACK’ and ‘WISCLIP’ PATENT RAIL FASTENINGS 


a branch of Ht united 


IRON AND STEEL COMPANY Workington - Cumberland - England WHI 


COMPANIES i"? 


Railway Department: 8/10 Grosvenor Gardens, Victoria, London $.W.I. Phone: Sloane 4533. Grams: Unisteels, Sowest, London 


pointers 
to 
efficiency... 


THE SIEMENS AND GENERAL ELECTRIC 
RAILWAY SIGNAL COMPANY LIMITED 
EAST LANE, WEMBLEY, MIDDLESEX 


WERKSPOOR 


power cars for 


the famous TEE trains 


Trans Europ Express trains, 

which came into service in June 1957, 
quickly gained world-wide fame. 
These trains were built by Werkspoor, 
in co-operation with Swiss Industrial Company of Neuhausen, 
and Brown, Boveri & Co. Ltd of Baden, Switzerland. 

The power cars were designed and 

manufactured by Werkspoor. 

They are driven by Werkspoor RUHB 

high speed diesel engines, 

successfully tested to U.I.C. standards. 

Werkspoor RUHB type engines are famous 

for their long service between major overhauls. 

There are in service many Werkspoor locomotives, 

powered by RUB and RUHB type engines, 

which have run for well 


without overhaul. 


WERKSPOOR 


WORKS AT AMSTERDAM AND UTRECHT - HOLLAND 
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TELOC Speed Indicators and Recorders are known 
and appreciated throughout the World, as they permit 
exact observing of speed regulations and therefore con- 
tribute to the safety of passengers. Further, valuable 
information is provided to the Railway Traffic Manager 
for the re-organisation and speeding up of services. 


Hasler..Berne 


ALSTHOM 
has built since 1949, 


1000 
ELECTRIC 


AND DIESEL- ELECTRIC 
LOCOMOTIVES, 


totalizing an output 
of about 
3 MILLIONS HP. 


BB 16 500 locomotive. 3 500 H. P. 68 metric tons. French National Railways 


LSTHOM 
TRACTION 


38S, AVENUE KLEBER - PARIS 
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AEI 3000 volt 
LOCOMOTIVES FOR 


No fewer than 345 electric locomotives have 


Some of the 135 AEI 3000 volt . 
isl fie DC. electric loce- now been ordered from AEI by this same 
motives which are at present customer together with 350 sets of motor 
Betng gupplid te:Bouth African coach equipment for the Reef and Cape 


Railways. : ‘ 
Western electrifications. 


Enquiries to AEI Traction Division, 
Trafford Park, Manchester 17, or your local AEI Office 


Traction Division 
Manchester ’ Rugby ' London 


Associated Electrical Industries Limited 
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What oiled the wheels at Dybbol? | 


When machinery was simple, lubrication was simple 


DanisH State Raritways, which operate fast diesel 
too. Denmark’s historic mill at Dybbél in South 


| 
trains throughout Denmark are among those who 
Jutland ground the country’s corn for generations, have found this answer. They solve their special 
ats vast transmission protected by the most primitive lubrication problems by delegating them to the 
of greases. In those days no problem faced the BP Rattway LuBRICATION SERVICE. 

operator comparable to those we meet today: but 
even when faced with the complexity of today’s 
lubrication requirements he has an answer to them 


BP protects all Danish Railways’ General Motors 
diesel locomotives with world-tested products that 
have proved their superiority in railways service. 
all, wherever he may be. BP Energol IC-D40 used in these engines is listed 
by General Motors EMD in their “ Considerable 


Usage” category. It is exclusively used in the 
GM-Nohab locomotives. 


Railway Lubrication Service 
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An original and inexpensive design of a centralized 
control operating cabin or post for electric traction 


on the Belgian National Railways, 
by P. CHARLES, 


Ingénieur civil, électro-mécanicien, 


Ingénieur du Service d’Electricité et de Signalisation de la Société Nationale des Chemins de fer Belges, 4 Namur. 


PLAN OF THE DESIGN. 
§ 1. Generalities. 


Object of the design. 

Remote controlled operation system 
on the S.N.C.B. 

3. Duties of the controller. 

.4. Advantages of remote control. 

.5. Layout of the cabin. 

6. Original features introduced in the 
Namur cabin. 
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§ 2. The way the cabin has been arranged 
in practice. 


2.1. State of the installation 
brought into service. 
2.1.1. Remote control operation. 
2.1.2. Remote control signalling sys- 
tem. 
2.1.3. Various other signalling sys- 
tem. 
. Extensions to be envisaged. 
. Layout of the buildings. 
. The way the illuminated diagrams 
have been made. 
. The way the desk has been set out. 
. The arrangement of the relay cabi- 
nets and those for the auxiliary 
services. 
. Lighting problems. 
. The processus of operating. 
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§ 3. Relating to the system adopted. 
3.1. Particular features of the specifica- 
tions. 


§ 4. Conclusions. 


§ 1. GENERALITIES. 
1.1. The object of the design. 


The object of the present report is to 
study the remote control operation of 
the substations and sectionalizing posts 
of an electrified railway system from a 
control post of original design and rela- 
tively low cost. 

To begin with, let us place the new 
remote controlled operating post within 
the frame of the Belgian electrified 
system. 


1.2. Distant operated substations net- 
work of the S.N.C.B. 


Figure 1 shows the electrified lines of 
the S.N.C.B., when electric traction was 


802 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


inaugurated on the Charleroi-Namur line 
(29th May 1959). This figure shows the 
locations of the substations and section- 
alizing posts on the one hand, and the 
remote control operating posts on the 
other (underlined with a full line). The 
limits of the districts of the distant oper- 
ated posts are underlined with dotted 
lines (*). 

Each post is operated by a « con- 
troller ». 


1.3. Duties of the controller. 


Let us say to begin with that we wish 
to speak of the controller known in Bel- 
gium as « E.S. Controller » (E = Elec- 
tricity — S = Signalling) in opposition 
to the « MA Controller », who deals 
more particularly with the electric rolling 
stock. The E.S. Controller in Belgium 
corresponds to the « Central substation » 
in France, the Grand Duchy of Luxem- 
bourg, etc. In what follows, we willingly 
drop the indication « ES. ». 

The controller is responsible for the 
substations, the sectionalizing posts and 
the overhead lines of a clearly defined 
part of the system (see fig. 2 for Namur). 

The controller has to be kept inform- 
ed of all that takes place in these instal- 
lations. No movement in a substation 
or sectionalizing post can be made with- 
out his agreement: out on the line no 
breaker or switch can be operated with- 
out his order. 


(1) The dates the posts were brought into 
service were as follows : 


Charleroi middle of 1954 
Antwerp beginning of 1955 
Ghent on the 1.4.56 
Brussels end of 1957 
and Namur end of 1959 
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The advantage of this solution is that 
all orders concerning the fixed electric 
traction installations are given by one 
and the same person. 

As he is aware of everything that takes 
place, the controller can easily take the 
necessary steps to assure the best feed 
to the overhead wire by a rational oper- 
ation of his equipment. With this object 
in view, he has a special telephone cir- 
cuit of the dispatching type, by which 
he can get into communication quickly 
with all the distant operated posts (sub- 
stations and sectionalizing posts), the 
block posts and the stations. This circuit, 
known as the control circuit, enables the 
controller to obtain information quickly 
and rapidly carry out the operations of 
sectionalizing, repairs and maintenance. 

Moreover, the controller is in contact 
with the dispatcher(s) or controller(s) of 
the electrified lines of his region, as well 
as with the controllers of other adjoining 
areas. The emergency circuits, with the 
telephones all along the track end at the 
dispatcher who by simply turning over a 
key can switch the conversation over to 
the controller. He can, if need be, be 
told of a failure to the overhead wire or 
be asked to cut off current urgently. 
This telephone can also serve as liaison 
between the controller and repair gangs 
of the overhead lines ('). 

Finally, always by telephone, the con- 
trolier can get into touch with the various 
suppliers of high voltage current. In 
Belgium, the men appointed to the con- 
troller’s position are first grade foremen. 
They have risen from the grade of second 
grade of the specialised « overhead wire 


() It should be noted that the controller 
cannot call up a warning post on the line. 
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and substation » group which means that 
they are fully conversant with the instal- 
lations for which they are called to as- 
sume responsibility. 


1.4. Advantages of remote control. 


Remote control enables the controller 
to control directly many apparatus in the 
substations and sectionalizing posts, and 
to take action quickly without going 
through any intermediary. 

Consequently, the efficiency of the 
controller is appreciably improved be- 
cause many orders by telephone have 
been replaced by operating the switches 
and keys. 

The gain in time which results can be 
very valuable, especially when anything 
goes wrong or in the event of damage. 
Moreover, the concentration at one point 
of the operating and signalling of many 
installations shows a great saving in staff. 

The maintenance staff is adequate and 
the hours of duty can be selected so as 
best to concentrate the personnel avail- 
able when required by important work. 

Remote control is now so reliable in 
functioning that it is applied to all instal- 
lations, even very important ones, such 
as for example a substation with 4 power 
sets (3 000 kVA) and many feeders. 


1.5. The layout of the posts. 


All these installations other than at 
Namur have been carried out following 
the method so far adopted on electrified 
railway systems. The controller has 
before him a very large diagram which 
shows to a reduced but practical scale 
the signalling and means of operation to 
be found in the various posts served. The 
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diagram is of the type with the lights 
normally extinguished with lamps to show 
incompatibility in the levers. 

When the installations under control 
multiply, the diagram assumes imme- 
diately a considerable size, the greater 
as it is desirable to add to it the plan 
of the sectionalizing of all the electrified 
lines (a solution frequently adopted is to 
leave the secondary tracks off the dia- 
gram). 

In practice, as we pointed out in § 1.3, 
the controller also supervises the over- 
head lines and looks after in particular 
the operation of all the line switches and 
sectionalizing switches. He has to know 
all the time the distribution of current 
in the overhead line and to be able to 
do so he has a plan of the sections. This 
plan is not to scale: it is a diagram 
indicating the sectionalizing, the points 
of feed, the lines electrified, etc., of the 
whole of the system which he has to 
supervise and for which he is responsible. 
The plan is a basic document of great 
importance, to which the controller has 
to refer constantly. 

The classic conception of a post con- 
sists in materialising the sectionalizing 
plan by bars of colour stuck or rivetted 
to the diagram. There are three draw- 
backs to this type : 


(1) difficulty of getting in line verti- 
cally the part panels of the signalling dia- 
gram and of the operating chart with the 
corresponding sidings of the stations on 
the other hand; 


(2) difficulty and sometimes impos- 
sibility of showing all the secondary lines 
electrified, in particular those of the fans 
in the marshalling yards and in the 
shunting yards; 
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(3) great difficulty in -modifying the 
sectionalizing diagram in view of its 
representation by the bars and the great 
cost of doing so. 


To sum up, the controller finds him- 
self near the centre of a large semi-cir- 


OTTIGNIES (32) 


Jemeppe s/S 
(17) 


FIG. 2. 


ZONE NAMUR AVEC DISTANCES RESPECTIVES. 


Mi SOUS-STATION 
O Poste de sectionnement 


Fig. 2. 
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1.6. Originality of the cabin built at 
Namur. 


Figure 2 reproduces part of the system 
to be remote controlled from the centre 
of Namur, with the respective distances 
from Namur to the various posts served. 


Weert ST Georges 
(18 d°OTTIGNIES ) 


LIGNE 125 
ee | 


@B\ FORRIERES ( 61) 


O} Hatrival (81) 


LONGLIER (101) 


O Marbehan (117) 


ARLON (138 ) 


— Namur district with respective distances. 


N. B. — Sous-station = substations. — Poste de sectionnement = sectionalizing post. 


cular diagram, the reading from a distance 
being difficult. When carrying out in- 
tended operations or suppressing non- 
compatible signals, he has to leave his 
desk each time and sometimes move some 
appreciable distance. 


It should be noted that the telephone cir- 
cuit serves Weert-Saint-Georges via Wa- 
termael (with return by Ottignies) so as 
not to have to install an aerial at Otti- 
gnies. Due to this the real distance from 
Weert-Saint-Georges to Namur is 90 km. 


806 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION OcTOBER 1960 


On this figure, we have shown by a_ this line will be subject to Namur, the 
broken line the Namur-Liége section, S.N.C.B. has taken this into account in 
which will be electrified in a few years’ the installation studied in the present 
time. As a part of the installations of report. 


TABLE 1. — Remote operated and remote signalled equipment. 


Remote operated Remote signalled 


Subordinate posts | ~ | 48V|Loc 


n 
= 
ie} 
Ss 
iss} 
28} 
a 
Oo 
=) 
i) 


W. St. Georges. . . 


Watermael 


Sectionalizing posts 


A 
SA + S’A 


G 
U 
Reg 
TS 


Jemeppe sur/Sambre . 


Gembloux 


Reference 


= arrival. Cr = installation of 2 compressors. 


Hell tt Ul 


pneumatic sectioners of the input | Ca 


Z == i i 
supply and earthing. installation of 2 sets of ducts. 


power set. GB = installation to load the battery. 
feeder breaker. = = lackVofell 0SVeDiG 
voltage regulating installation. os 


3 ; bre = lack of i 
installation comprising 2 trans- alienating «voltages 


formers for the auxiliary ser- 48 V = lack of 48 V D.C. voltage. 
vices. Loc = connection in the buildings. 
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At the present state of things, we note 
that the Namur remote controlled post 
has to be arranged to cover : 


— 6 substations; 
— 5 complete sectionalizing posts; 


— 3 partial sectionalizing posts (li- 
mits of two districts of remote control). 


In all, this represents in particular : 

— 12 incoming high tension feeders; 

— 19 3000 kVA, transformer-recti- 
fier groups; 

— 66 3 kV feeders including 1 by- 
pass breaker in each substation. 


Table I reproduces the list of all the 
apparatus to be remote controlled on the 
one hand, and to have distant signal 
operation on the other. 


The S.N.C.B. has taken care to avoid 
the restrictions suffered from in the classic 
posts by directing its efforts to a quite 
different solution. 


The illuminated diagram, made to a 
reduced scale, is built up of part panels 
arranged to suit the plan of the section- 
alizing. 

The controller also has at his disposal 
a complete plan of the sectionalizing with, 
in line with the stations concerned, the 
signalling of the corresponding remote 
controlled posts. This solution cannot, 
however, be carried out for important 
posts. Actually : 


(1) the vertical correspondence does 
not always exist; 


(2) the sectionalizing plan is sometimes 
interrupted with arrows directed towards 
quite other points which does not make 
the reading any easier; 
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(3) the sidings of the marshalling fan 
of sidings are only sketched in. 

When going more deeply into the plan, 
the S.N.C.B. decided to bring together at 
the desk all the operating controls and 
only to let the signalling remain on the 
diagram. 

As regards operating from the desk, it 
was desirable to adopt a solution requir- 
ing little space, so that the desk can 
retain its usual size. 

Based on what has been achieved in 
the signalling posts of the « all relay » 
type, the S.N.C.B. decided to effect the 
operation by displacing two keys: one, 
the selecting for choosing the post af- 
fected, the other the operating for choos- 
ing both the switch to operate and the 
kind of manoeuvre to carry out (switch 
in or cut out). As a result, the operating 
equipment is reduced to a first panel with 
as many keys as there are posts to be 
operated and to a second panel with the 
keys of the large substations on the one 
hand, and of the most important section- 
alizing posts on the other. This solution 
was possible because of the great stan- 
dardisation adopted by the S.N.C.B. in 
the substations and sectionalizing posts 
(the general case in electric traction of 
the main line railways). 

The two panels with keys, have been 
readily incorporated in the standard 
« dispatching » type desk which the 
S.N.C.B. has adopted for the controller. 

As regards the signalling diagram, it 
has been built with miniature type lamps 
and the sectionalizing plan has come 
within the dimensions of an ordinary 
folder. As a result, the controller can 
work seated all the time, which enables 
him to devote his attention simultaneous- 
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ly — as it is desirable —.to his principal 
occupation, namely to follow the auto- 
matic cutouts or to carry out operations 
whilst watching the part of the sectiona- 
lizing diagram affected by the incident 
at the moment, to keep up to date at 
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remain fairly large because extensions 
have been provided for in the future, 
though when is not known. 

We can summarize what has been writ- 
ten above by saying that in his new post, 
the controller need never leave his desk 


Moving an_ operating 


lever. 


Below; telephone key board. 


the same time his register of telegrams, 
releases, etc., and to use the telephone. 

Without going into greater detail at 
present, it will be appreciated that the 
premises will be very reduced in size and 
will ressemble a dispatcher’s office. The 
equipment is no longer secured to the 
back of the diagram but arranged metho- 
dically in an adjacent relay room. 


At Namur, however, the premises 


to carry out remote operated manoeuvres 
and can read very easily his sectionalizing 
diagram complete as it is. 


Moreovoer, all the signalling of a con- 
trolled post is grouped to the right of the 
corresponding part of the sectionalizing 
plan. This facilitates the work of the 
controller and speeds up his means of 
action in case of incident, damage or 
cutting off current for repairs. 
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Operating desk of the general diagram on which are grouped the signallings 
and the sectionalizing plan. 


§ 2. PRACTICAL REALISATION. 


2.1. The state of the installation at the 
moment it is brought into service. 


From Table I, we have drawn up 
Table 2, which is complete and includes 
in detail all the remote operation con- 
trols, on the one hand, and the signalling, 
on the other. The figures shown later 
between brackets are repeated in the table 
and indicate the number of operations 
(for example: switching in + cutting 
out: 1 + 1 = 2) and the number of 
remote signalling movements to be made. 


2.1.1. Remote operations. 


(a) Switch in or cut out | incoming 
switch A (2); 


(b) Switch in or cut out 1 incoming 
pneumatic section switch or 1 pneumatic 
earthing switch of an incoming line 
SA + S’A (2 + 2). 


At Forriéres and Longlier, the section 
switches are provided for de-icing the 
high tension line through the Ardennes; 
they are operated when requested by the 
supplier of the current who then puts his 
lines into short-circuit under low voltage. 


(c) Switch in or cut out | power trans- 
former-rectifier group G (2); 


(d) Switch in or cut out 1 feeder or 
by-pass of a substation U (2) (’); 


(1) Idem for the breakers 5 and 6 of the 


Jemeppe sectionalizing post. 
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(e) Switch in on the overhead line or 
bar, and switch out | breaker of section- 
alizing post U (3) (). 


2.1.2. Remote operated signalling. 


Preliminary remarks. 


By incompatibility or discordance in 
the switched in or out position of a 
breaker, we understand that the breaker 
is in or out whilst the corresponding 
remote controlled equipment at the con- 
troller’s post is not in agreement with 
this position. In other words: in the 
case of automatic functioning, or of local 
control starting from the subordinate 
post, the colour of the blinking light at 
the controller's post corresponds to the 
new position of the apparatus; in the 
case of remote control not followed 
by the corresponding manoeuvre of the 
apparatus, the colour of the blinking 
light corresponds to the primitive posi- 
tion of the apparatus. 

(a) Signalling of the incoming lines : 
fixed green light or fixed red light for the 
switched in or cut out concordant posi- 
tions; same blinking lights for the case of 


(7) At the sectionalizing post, there are two 
possible methods of switching in: 


1) on the overhead line: in the event of 
cutting out the breaker re-sets itself automa- 
tically as soon as the voltage in the section 
concerned attains 3 kV; there is then a supply 
to the corresponding breaker in the neigh- 
bouring substation; 


2) on the bar: in case of cut-out there is 
jamming. The switching in does not require 
the voltage of 3 kV on the section affected. 
It is to be noted that the normal switching 
in is that to the overhead line. For particular 
switching in reasons at the Jemeppe sec- 
tionalizing post, two breakers have been pro- 
vided — numbers 5 and 6 — with direct 
switching in as in the substations: for these 
two breakers there is only one switch in. 
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discordance. A blockage on an incom- 
ing line shows itself by a violet light (to 
note that this blockage acts on the other 
incoming line as well). A drop in voltage 
on an incoming line shows itself by a 
fixed yellow light, whereas a cut out of 
the metering protection breaker, or the 
absence of 110 V D.C. of the incoming 
line cutouts show themselves by the 
blinking of this same yellow light. 


In all there tare+2 7-92") 1927 
7 A signallings (7). 


(b) Signalling of the pneumatic sec- 
tionners of the incoming lines SA and 
the earthing switches of the incoming 
lines S’A : fixed green light or fixed red 
light for the concordant cut-out or 
switched in positions, same blinking lights 
for the cases of incompatibility. 


In all 2 + 2 = 4, that is forS + 8’ 
(8). 

(c) Signalling of the power 
former/rectifier groups : 


trans- 


fixed green light in the case of con- 
cordance of the two breakers (H.T. and 
cathode) switched out; 

fixed red light in case of concordance 
of the two switched in breakers; 

blinking green light in case of discor- 
dance between the two cut out breakers; 

blinking red light in case of discor- 
dance between the two switched in 
breakers; 

blinking green and red lights in case of 
switching out or not switched in of one 
of the two breakers; 

white light in the event of arcing on 
the return; 

violet light in case of the blockage of 
the groups. 
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Ti) alle 4a a Pelee eee erG 
signallings (7). 


(d) Signalling of the feeder breakers 
of the substations (the by-pass breakers 
are also arranged in this category) : 

fixed green light or fixed red light for 
the concording contact or switched in 
positions, same lights blinking for the 
cases of discordance; 

blinking red and green lights in case 
of cut out with blockage; 

a special red lamp (1 per breaker) 
lights up when the section switch replaced 
by the by-pass breaker is closed (this 
lamp indicates that the two sectionalizing 
switches are closed when it is a question 
of the by-pass itself). 

In all: 4+ 1 + 1 = 6 U signallings 
(6). 


(e) Signalling of the feeder breakers of 
the sectionalizing posts : 

green light, fixed or blinking, for con- 
cordant or discordant switching out posi- 
tions; 

red light, fixed or blinking, for con- 
cordant or discordant switched in posi- 
tions, for switching in at the overhead 
line or on the bar; 

blinking red and green light in the case 
of cut out on the bar with blockage. 

Inal: 2+2+2+1=70U0 
signallings (7). 

For the breakers Nos. 5 and 6 at 
Jemeppe, there is no switching in to the 
bar nor of blockage. 

In all: 2 + 2 = 4 U signallings (4). 


Now let us review the signalling of the 
auxiliary services. 
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(f) Signalling of the substation voltage 
regulators : at the Ottignies and Namur 
substations, the high tension is supplied 
with guaranteed voltages between + 10%. 

In this case the S.N.C.B. installs a 
regulation under load of the voltage of 
3 kV. The automatic control of the 
regulating apparatus is known as « regu- 
lorel ». This equipment is duplicated. 
The signalling is as follows : fixed white 
lamp I or II indicating that the « regu- 
lorel » I or II is in use. In the case of 
automatic commutation, the lamp _be- 
comes blinking for the one that was in 
service before the commutation, whereas 
the light comes on fixed white for the 
other « regulorel » which comes into use. 
Consequently, for each white light we 
have the fixed light (concordance) or the 
blinking light (discordance). 

In addition, 1 fixed yellow light indi- 
cates a fault. 

In all: 2 + 2+ 1 = 5S Reg. signal- 
lings (5). 


(g) Signalling of the transformers for 
auxiliary services in the substations. 

In each substation, there are 2 similar 
transformers with automatic switching. 
The signalling follows the same processus 
as in (f) above. 

In addition, one fixed yellow lamp in- 
dicates a lack of alternating voltage. 

In ali: 4 + 1 = 5 signallings, which 
we note (4 + 1) as we keep apart the 
lack of alternating voltage by analogy 
with the sectionalizing posts Ts (4) 
~ (1). 


(h) Signalling of the air compressors 
in the substations. 


In the case of the pneumatic breakers, 
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2 compressors are in each substation with 
automatic switching. The signalling is 
identical with that described under (f) 
above. Moreover, the yellow lamp is 
an after thought. 


Therefore, in all: 4 Cr signallings (4). 


(Z) Signalling of the compressed air 
mains in the substations. 


Two sets of mains are provided in 
each substation without automatic switch- 
ing. The signalling follows the same 
processus as in (f) above. A _ fixed 
yellow lamp indicates a lack of pressure. 


In all: 4 + 1 = 5 CA signallings (5). 


(j) Signalling of the 110 V D.C. 
charging sets in the substations. 


There are two such sets in each sub- 
station with automatic switching. The 
signalling follows the same processus as 
under (f) above. 


The yellow light can be fixed (lack of 
D.C. voltage) or blinking (battery switch 
cut out). 

In all: 2 + 2 + 2 = 6 signallings, 
which we will note as (5 + 1) as we keep 
separate the lack of 110 V D.C. by ana- 
logy with the sectionalizing posts GB (5) 
== (1): 


(k) Signalling of the 110 V D.C. 
charging sets in the sectionalizing posts. 

There is only the blinking yellow light 
indicating the cutting out of the battery 
switch, which may result in a lack of 
D.C. voltage. We have inserted this 
signalling in the column « lack of 110 V 
DCs =. (1): 


(1) Signalling of the alternating voltage 
at the sectionalizing posts. 
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A fixed yellow lamp indicates a drop 
in A.C. voltage ~ (1). 


(m) Signalling of the 48 V D.C. charg- 
ing sets (all posts). 

A fixed yellow light indicates a drop 
in the 48 V (1). 


(n) Signalling of the local operation 
(all posts). 

A fixed red lamp indicates that the 
operation of a subordinate post has been 
taken over locally LOC (1). 


(o) Taking sections out of service. 


A section is taken out of service by 
extinguishing all the lights in it. In this 
way, the attention of the controller is 
called to the fact of work being in hand 
on the equipment of this: section. He 
then has no longer neither the remote 
control nor the signalling; he retains the 
control and operation of all the other 
equipment of the post affected. By sec- 
tions taken out of service, we under- 
stand: the incoming feeders, the power 
sets, the feeders, the « regulorel » equip- 
ments, the TS (2 separate taking out of 
service for the 2 Ts), the compressors 
+ the mains and the battery charging 
sets. 

In all, this gives: 12 (A) + 19 (G) 
+ 38 (U substations) + 29 (U section- 
alizing posts) + 2 (Re) + 12 (Ts) + 
6 (CR + CA) + 6 (GB) = 123 signal- 
lings of taking out of service. 

These are not entered on Table 2. 


2.1.3. Various other signallings. 


In addition to all the signallings refer- 
red to above and which concern exclu- 
sively the signalling table, there are 
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further indications installed at the oper- (b) a yellow lamp per selector lever 
ating desk. These are : which indicates : 
(a) a fixed white lamp per each select- — by a fixed light, a broken wire 


ing lever which indicates a discordance between the appliance remote controlled 


Coté des voies 


Répartiteur 
MA 


REPARTITEUR E.S. 


2 
ME 
ee 

wee | 

a 

un it 

[a] 

us | o 
Ww 

oO 

° 

= Ne) 


ET 
TELEPHONIE AUTOMATIQUE 


DIRIGEANT 


Téléscripteur 


Coté Boulevard E.MELOT. 


Fig. 3. — Former arrangement of the buildings. 
Explanation of the French wording : 

Cété des voies = side facing railway lines. — Répartiteur = controller. — 
Dirigeant et loge « dispatching » = manager and dispatching rooms. — 
Téléscripteur — Telewriter. — C6té boulevard E. Melot = side facing 
boulevard E. Melot.— Téléphone automatique = automatic telephone. 


has occurred with the apparatus of the and the remote controlled apparatus in 
post corresponding to this key (case of the subordinate post; 

a change of position not ordered). There — by a blinking light, which may in- 
are 14 posts so arranged and therefore dicate that a signalling request is being 
14 white lamps. dealt with or that after any signalling 
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(order, cut out not ordered or request In all: 4 signallings. 

for signalling) the subordinate post does (d) per line: 1 red lamp SL which 
not reply. indicates by a fixed light either a break 
In all: 14 yellow lamps with 2 mean- in the line or lack of synchronisation 
ings, that is 28 indications. through receiving a bad signalling; in this 


Coté des voies 


REPARTITEUR E.S. 


Répartiteur 


" DISPATCHING u 


Baie de Signalisetion 
avec armoire ouverte 


5 


un 
aI ‘ LOCAL POUR APPAREILL AGE 
°o Vestialre DE TELECOMMANDE 
=) 
Batterie 
eae ae 


TELEPHONIE AUTOMATIQUE 


OIRIGEANT 


Coté Boulevard E. MELOT. 


Fig. 4. — New arrangement of the buildings. 
Explanation of the French wording : 


Cété des voies = Side facing railway lines. — Dirigeant et loges « dispatch- 
ing = manager and dispatching room. — Répartiteur MA = MA con- 
troller. — Téléscripteur — telewriter. — Répartiteur ES = ES controller. 
— Local pour appareillage de télécommande = room for remote operation 
equipment. — Batterie — battery. — Groupe de charge — charging set. 
— Téléphonie automatique — automatic telephone. — Coté boulevard 
E. Melot = side facing boulevard E. Melot. — Baie de signalisation avec... 
= signalling desk with cupboard behind. 


(c) per line, 1 red lamp FU which in- case, a request for signalling of the line 
dicates that a fuse in the cupboards of restores the normal situation. 
the control post corresponding to this In all: 8 signallings. 
line has melted. rantings 


No 
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To conclude, we arrive at the following 
totals : 

Possible number of remote operations : 
234. 

Number of remote signallings: 835 
+ 123 = 958 at the diagram. 

Number of remote signallings at the 
desk: 54. 

Total =)-012- 
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Actually, this line will be electrified at 
some more or less late date. 


Other extensions are also possible. 


2.3. Layout of the buildings. 


When starting the preliminary study of 
the remote operation of Namur, the build- 
ings were arranged as shown in figure 3. 
The diagram of signalling and con- 


TABLEAU DE SIGNALISATION: Partie supérieure. 
Glisslere 
1 


PLAN| DE SECTIONNEMENTS : Lignes 161.139.130.144. 


Glissiéres 


Fig. 5. — General arrangement of the signalling diagram. 
: upper part 
Sectionalizing plan: lines 161, 139, 130, 144 


Signalling diagram 


Sectionalizing plan : 
Signalling diagram : 


The 958 signallings are shown on the 
panels, the total area of which is 1.25 m? 
including the make up panels (*). 


2.2. Extensions to be expected. 


The installation has been thought out 
in such a way as to allow the remote 
operation of the posts on the Namur- 
Liége line to be installed when needed. 


(1) The equivalent central area of the dia- 
gram is occupied by the diagrammatic sec- 
tionalizing plan. 


line 162 
lower part 


trol was the same as in other Belgian 
posts and measured 15 m in length by 
2.5 m in height. The place reserved for 
the controller was 14 m long and 7.90 m 
wide. Just as in the old layouts, the 
equipment was arranged behind the dia- 
gram. In addition, this room was sur- 
rounded by the dispatching rooms and 
also by those of the telephone centre. 
Every time, the telephone mechanics had 
to attend to the telephones in the dispat- 
cher’s office and to maintain them, they 
had to go through the E.S. Controller’s 
room. 
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Figure 4 shows the new-layout made 
possible by the new system of control. 
As can be seen, the new dimensions are 
7.90 m and 8.25 m (instead of 14 m). 
The result was a great saving of space, 
which has been utilised to give a wide 
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nets containing the equipment, there is 
room for an alcaline battery of 48 V 
150 Ah and a double group of rectifiers 
to charge it. Finally, and always within 
the dimensions given above, there is a 
cloakroom measuring 1.5 m by 2 m. 
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Fig. 6. — Drawing of the « Ciney » panel. 
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access corridor to the telephonists and to 
provide three offices. In the new dimen- 
sions given, there is a large room for the 
equipment with a direct access door from 
the controller’s room. 

This room also has been made amply 
large and will allow of quite important 
extensions (over 75%). Beside the cabi- 


=colour of the borders on one particular 
— Vert = green. 


— Violet violet. 


The following advantages are at once 
appreciated : 


(1) a notable gain of place which 
means a substantial saving in building it; 


(2) a very pleasant working atmos- 
phere resulting from the functional cha- 
racter of the arrangements used. 
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2.4. The design of the illuminated dia- 
gram. 


Figure 5 shows the whole layout of the 
signalling diagram composed of 4 hori- 
zontal bands. The top band gives infor- 
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ferent elements has been selected to take 
into account in particular what follows : 


(1) the  sectionalizing plan placed 
about 1 m from the man in charge is 
perfectly legible in its smallest details, 
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Fig. 7. — Drawing of the Gembloux panel. 


N. B. — Couleur des lisiéres sur une... 


horizontal line. — Jaune = yellow. — Rouge = red. — V 


mation relating to the position of the 
appliances in the subordinate posts of the 
lines 161, 139, 130 and 144. 


The bottom band gives the same infor- 
mation for line 162. The middle bands 
are made up of the corresponding sec- 
tionalizing plans. 


The respective dimensions of the dif- 


colour of the borders on one particular 
ert = green. 


even as regards the numbering of the 
tracks in the fan of sidings; 


(2) the signalling of each subordinate 
post is shown to the right of the corres- 
ponding lines in the station shown in the 
sectionalizing plan; 


(3) the signalling symbols (form and 
colour, size of lights, etc.) enable them to 
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be read easily, to be interpreted quickly 
and without any possible doubt. 


Figure 6 shows the layout of a substa- 
tion luminous diagram. The black lines 
are reproduced by a narrow bar in black 
plastic stuck on the diagram and give a 
single line image of the scheme. The 


t#/l éphoniqu¢s 
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S.N.C.B. the following modifications have 
been made : 


(1) the 2 panels with keys (for select- 
ing and for operating) have been built 
into the desk. These panels could have 
been brought nearer to the operator but 
this was not done so as to leave a large 


Fig. 8. — Controller’s desk. 


N. B. — Tableau de signalisation = signalling diagram. — Boite a clés de sélection 
= case of selection keys. — Boite a clés de commande = case of operating keys. 
— Clés téléphoniques — telephone keys. 


luminous symbols are about 1 m from 
the operator and give a solid angle of 
reading more than adequate. The signi- 
_ fication of the lights has been given in 
chapter 2.1 above. 

We can say too that the signalling of 
a sectionalizing post is definitely less im- 
portant. Figure 7 gives an example of 
a sectionalizing post on the Namur- 
Brussels line. 


2.5. The desk and its arrangements as 
carried out. 


Figure 8 shows the desk. Relatively 
to the normal desks provided by the 


area free for writing. However to faci- 
litate access to these panels, they are in- 
clined at an angle (about 25% slope). 
Figure 9 shows the layout of the keys in 
the operating cabinet; 


(2) the usual loud speaker case has 
been replaced by one very reduced in 
height to let the bottom of the signal- 
ling panel to be read, this panel being 
placed on the edge of the desk. Never- 
theless in this new case not one but two 
loud speakers, small and eliptical in size 
and carefully selected, have been fitted. 
One of these permanently allows the 
operator to listen in on the regulation 
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circuit, and the second in all the others 
(automatic telephone circuits, the S.O.S. 
circuits, direct lines with the dispatcher, 
etCae 


In this way, the use of the desk stand 
telephone set is no longer essential. The 
desk so modified carries all the buttons, 
all the keys and the lamps required for 
operating the post. 


oon me SF SVT Ss sO —O 
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— 36 signalling lamps of various 
types for the remote operation (tests, 
lines, etc., see 2.1.3); 

— a large number of spare keys in 
reserve. 

By the judicious layout of these ap- 
pliances and by using various colours, 
the desk has a well ordered appearance 
and neve lends itself to any confusion. 


LEGENOE: T) jaune EW rouge vert Ge noir Ec 
Fig. 9. — Arrangement of the keys in the operating cabinet. 
N. B. — Jaune = yellow. — Rouge = red. — Vert = green. — Noir = black. 


At the desk there are: 


— 1 case with two loud speakers and 
2 witness lamps; 

— 1 microphone built into the table; 

— 1 desk stand telephone set in re- 
serve; 

— 1 universal impulse key as stand 
by and 2 witness lamps; 

— 19 telephone keys, almost all two 
position; 

_.-— 97 call buttons of the special re- 
gulation circuit; 

— 41 operating and control keys of 
the remote control (almost all two posi- 
tion); 

— 14 remote operation selection keys, 
all two position; 


We may add that the supports of the 
desk provide large storage space in which 
the documents in current use by the con- 
troller can be stored methodically. 


2.6. Layout of the relay and auxiliary 
service cupboards. 


(a) The relay room is close to the 
controller. The diagram and the cabinets 
are connected by nearly 800 wires (°). 


(1) These wires are divided into: 

remote control: diagram 578; desk 130; 
telephone: 160+ 3 coaxial cables. 

All these wires pass through a duct resting 


on the ground and covered by the same floor- 
ing as the controllers room. 
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Figure 4 shows the general layout of 
the cabinets and shows broadly the open- 
ing the builder proposed for the doors. 
In this way, the doors (front) open com- 
pletely without trespassing on the passage 
reserved in front of the cabinets. 


The back panels are detachable. 


(b) In this same relay room, there are 
also : 


—the transformer/rectifier charging 
sets which can simultaneously charge a 
48 V battery and feed the remote opera- 
tion (2 sets), the full battery charge and 
1 automatic switching in the battery in 
case of shortage of alternating voltage; 

— the alcaline battery. 


This equipment has been designed on 
a large scale to meet any possible prob- 
able extensions. 


2.7. Lighting problems. 


The lighting of the control premises 
includes : 


(a) a general lighting by 4 ceiling fit- 
tings set in the ceiling with 32 W « circle- 
line » lamps; 


(b) a 2* 40 W wall fitting on the 
wall opposite the windows so as to 
balance the daylight coming through the 
windows in case of dull weather. 


(c) a 48 V spot light for emergency 
lighting of the desk; 


(d) two special projectors (theatrical 
type with profiled screens) to illuminate 
the central part of the diagram reserved 
for the sectionalizing plans. The dia- 
grams alone are lighted up, the signalling 
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panels only receiving a little diffused 
light. In this way, the plans are per- 
fectly readable and the luminous panels 
of the diagram are not so illuminated as 
to render it uncomfortable to read the 
luminous symbols since the diagram has 
its lights on permanently. The intensity 
of these 2 projectors is adjustable between 
0 and 100% by 1 suitable potentiometer, 
whilst in its turn the intensity of the 
lights of the illuminated diagram is ad- 
justable by means of other potentio- 
meters. 


— The ability to illuminate the sec- 
tionalizing plans without lighting up the 
luminous panels of the diagram has great 
merits. 


The whole installation works to the 
entire satisfaction of the staff who have 
not complained of fatigue. 


2.8. Processus of operation. 


In the old system, the fact of going 
from the desk to the diagram to select on 
it the panel concerned (post X), to select 
the lever affected and in the desired posi- 
tion, excluded any possibility of confusion 
or error. In the new system, the oper- 
ator has at his disposal keys, operated at 
arm’s length from his seat, which make 
it easy to carry out an operational order. 
Is there any risk of errors, confusion, or 
orders sent out too easily? These objec- 
tions have been met by carrying the 
order out in several stages. Let us sup- 
pose the controller wishes to switch in 
the breaker U3 of the Ciney substation. 
Before the manoeuvre, the U3 of Ciney 
is controlled at the diagram in the cut 
out position, that is to say by a fixed 
green light. 
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First stage. 


The controller turns towards himself 
(lower position) the Ciney selection key 
on the selection casing which lies in front 
of him on the desk. At this moment on 
the signalling diagram the light of all the 
lighted lamps of the Ciney substation 
dims appreciably. In this way, the con- 
troller has checked that he can properly 
carry out an operation at the Ciney sub- 
station. 


Second stage. 


Whilst keeping with his left hand the 
Ciney key reversed (as said above), the 
controller with his right hand reverses 
the U3 key of the substation in the upper 
position « switched in » (operational 
panel to the right of the desk). At this 
instant, in the middle of the dimmed 
Ciney lamps, the U3 lamp lights up with 
full luminosity in correspondence with 
the position desired (here « switched 
on », and so fixed red light). 


Third stage. 


Having checked in this way that he 
has properly prepared the way for a 
manoeuvre at Ciney and that it has pro- 
perly « switched in U3 », he reverses 
the selectioning key to the upper position 
(naturally whilst maintaining the U3 key 
reversed). At this moment the order for 
remote operation goes out and the keys 
can be released. The fixed red light of 
Ciney U3 goes out (control over) and the 
green becomes blinking because of the 
discordance between the remote opera- 
tional apparatus and the position of the 
breaker (*). All the Ciney lamps are now 


() See 2.1.2. Preliminary remarks. 
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at their normal luminosity. At the same 
time 1 CL lamp is blinking on the Ciney 
panel during the whole duration of the 
transmission of the order. At the end 
of the manoeuvre, the CL lamp goes out 
and the blinking green is replaced by the 
fixed red of U3 if this latter switches in. 
If the order is not followed by switching 
in, the blinking green persists. The 
blinking can then be cut out by the lower 
position of the Ciney selection key. 

It is not possible therefore to make a 
wrong manoeuvre in spite of easy access 
to and the small distance apart of the 
operational keys. This fact has been 
confirmed by experience. 


§ 3. THE SYSTEM ADOPTED. 


3.1. Particular features of the specifica- 
tions. 


We will only refer again briefly to 
the fundamental modification consisting 
of the replacement of the operational 
diagram and signalling with the lights 
extinguished by an operating desk and 
signalling diagram with lights illuminated. 

Let us repeat once again that the white 
light of the lever (old system) has been 
replaced by a red light in the form of a 
triangle pointed in the direction of the 
current and a green light in the form of 
a bar vertical to the passage of the cur- 
rent for the remote operated apparatus 
and by white lights surrounded by co- 
loured edges for the remote signalled 
apparatus. 


For the signalling we have added : 


— signalling of the return arc in the 
power sets; 
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— signalling of the taking out of 
service of the part of any apparatus: as 
it is a question of a diagram with the 
lights on, we have shown this on the 
diagram by extinguishing the lamps of 
the part concerned; 

— a lamp « broken wire » per post 
automatically indicating that at this post 
there is break in the set of wires between 
1 apparatus and the remote operational 
cabinet (example of bad transmission of 
polarity by the apparatus by fusion of the 
fuse in this circuit). 


As regards the transmission of remote 
control of operation, the 2 wire system 
has been specified everywhere. The 
transistor technique being very new at the 
time when the specification was drawn 
up, the method using direct impulses with 
relay was the only one retained. There 
is no doubt that for 1 post of remote 
operation at the present time an electronic 
transmission could be accepted. This 
moreover would not raise any especially 
difficult problems. Does not one speak 
of sending more than 200 different signals 
in one second? The time of transmission 
on the line will no longer count ! 


In the Namur system, we have been 
able to reduce the total time of trans- 
mission to about 8 seconds, an important 
gain relatively to that previously attained 
on the S.N.C.B. To this saving, we have 
to add on the movements of the con- 
troller on duty between the desk and the 
diagram, which sometimes were consi- 
derable. 


We also added at Namur the means 
for cutting out all remote operated equip- 
ment of a given post by a single general 
switching out lever which to be thrown 
over had to be raised to begin with to 
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call the controller’s attention to the 
seriousness of this manoeuvre. The high 
tension incoming lines, however, did not 
obey the general switching out so as to 
continue to supply alternating current to 
all the auxiliaries. The S.N.C.B. pre- 
ferred this method : it is always possible 
to switch out individually these incoming 
lines if necessary. 


Finally, the most striking innovation 
has been making the installation section- 
ally dismountable so that : 


— all the relays except those of the 
« brains » can be removed individually; 

— all the « brains » (1 per line); 

— all the selectors; 


— all the part panels of the signalling 
diagram can be taken down individually; 


The result is great facility in handling 
and great speed in replacement for 
repairs or if damaged. 


§ 4. CONCLUSIONS. 


The remote operational post at Namur 
shows with regard to its predecessors the 
following advantages : 


(1) the dimensions of the building are 
much smaller; the working conditions are 
pleasant; 


(2) saving in first cost and upkeep cor- 
responding to the reduction in size; 


(3) the signalling diagram has in all 
cases exactly in line with the luminous 
panels of each post under control the 
complete diagram of the corresponding 
station lines. This results in rapidity of 
reaction by the controller in the event of 
damage, or loss of current, etc.; 
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(4) the sectionalizing plan is complete 
to its smallest details (the numbers of the 
sidings in the fan for example) and per- 
fectly readable. Particular care has been 
given to the lighting; . 

(5) the operation, from the desk, ob- 
viates long movements by the controller 
and enables him to make simultaneously 
a manoeuvre, to speak to a member of 
the staff out on the line, to note altera- 
tions occurring, etc.; 

(6) the mobility of the system is great 
should modifications be called for : 

— the diagram of the sectionalizing is 
on paper (of specially carefully selected 
shades); 
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— the luminous panels are connected 
by multiple plugs with a good reserve of 
cables; 


— the selection keys can be added to 
to a considerable extent. 


It will therefore be possible to meet 
any future extension of the electrification 
in the zone dealt with. 


The Namur installation opens the way 
to a new type of centralised operating 
post of the electric traction substations 
and the first in operation seems to assure 
its success. 


[ 656 .25 (73) ] a 


High speed data transmission, 
by John L. WHEELER. 


(Railway Signaling and Communications, April 1960.) 


Electronic data processing systems have received rapid acceptance by many railroads. 
Because of the current interest in E.D.P., Railway Signaling and Communications feels 
that this paper, presented at an Institute of Radio Engineers symposium, contains much 


useful information for the railroad communications engineer. 


It is with the permis- 


sion of the I.R.E. that we publish this abstract. 


This paper discusses some of the prob- 
lems associated with the transmission of 


digital information at high rates over 
telephone _ facilities. It presents some 
methods of overcoming these problems, 


and describes the performance of a system 
tested over regular commercial telephone 
circuits. 


VERIFICATION 
DEMODULATOR 


Figure 1: Transmitter (left). Figure 2: Receiver (right). 


While it is possible to make available 
a modular line of components which can 
be put together to produce many varied 
data communication systems, the steps in 
the necessary design procedure can better 
be described by referring to a particular 
system. One system is typical of those 
required where large amounts of data 
must be transferred rapidly and econo- 
mically. 


TELEPHONE TELEPHONE 
FACILITIES FACILITIES 


Suppose that there are two electronic 
computers located some distance apart, 
each capable of producing and using reels 
of magnetic tape containing large amounts 
of data. The requirement is that a 
complete magnetic tape message be trans- 
mitted rapidly and accurately from one 
machine to the other. A data transmitter 


ee 


=| RECEIVER; 
ciock | 


VERIFICATION 
=| MODULATOR 


which will meet the requirements at one 
end of the communication link is shown 
in figure 1. 

The magnetic tape reproducer, which 
holds one reel of tape prepared by the 
computer, is connected, through a gate, 
to the modulator unit. The reproducer 
is operated so that it transmits data in 
blocks, or records, each containing many 
characters. The modulator converts the 
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data in some manner, and prepares it for 
transmission through the telephone faci- 
lities. 


Transmit. — Then check. 


At the start of transmission, the mag- 
netic tape reproducer sends one block 
of data through the modulator and over 
the telephone facilities to the receiver at 
the other end. It then hesitates while 
the transmitter waits for a reply. The 
receiver checks the incoming data, and 
if no errors are discovered, sends back a 
verification response to the transmitter. 
This response is recovered by the veri- 
fication demodulator. 


It instructs the magnetic tape repro- 
ducer to send another block of data. ‘This 
too is transmitted and verified by the 
receiver. All timing is accurately con- 
trolled by the transmitter clock. 


In the event that an error is detected 
at the receiver, a different operation must 
take place. While the magnetic tape 
reproducer was sending information to 
the modulator, it was also connected to 
the input of a storage unit. After a block 
has been transmitted, the data contained 
in that block is also held in storage at 
the transmitter. If the verification res- 
ponse signal is not received by the trans- 
mitter, then the magnetic tape reproducer 
does not send the next block. Instead, 
the previous block is transmitted from 
the storage unit, through the modulator, 
and over the telephone facilities. The 
signal must be read out nondestructively 
from the storage unit, so that if a veri- 
fication response is not received the 
second time, the transmitter will send the 
same block of information the third time. 
After a verification is received, the trans- 
mitter returns to the normal mode of 
operation, and the magnetic tape repro- 
ducer again supplies more data. A block 
diagram of the data receiver is shown 
in figure 2. 


The signal coming in from the tele- 
phone facilities is demodulated and _rege- 
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nerated so that it again becomes accura- 
tely-timed binary information. Teaeris 
entered immediately into the receiver 
storage unit. The timing of the incoming 
signal is used to synchronize the receiver 
clock, which provides pulses for all of 
the digital operations in the receiver. 


At the same time, the regenerated binary 
information is sent to a parity checking 
unit which examines the signal using a 
weighted counting circuit, and compares 
the result with a transmitted parity check 
character. If no errors are detected, the 
verification modulator transmits a tone 
back to the transmitter which tells it to 
proceed with the next block. At the 
same time, the magnetic tape recorder 
is instructed to begin to record the pre- 
viously transmitted block as it is taken 
from the receiver storage unit. 


If the parity check unit detects the 
presence of an error in the received block, 
the verification modulator does not gene- 
rate a response and the magnetic tape 
recorder does not record the block just 
received. Instead, it waits until the re- 
transmitted block has been examined. 
Only those blocks which have no detec- 
table errors will be recorded on the mag- 
netic tape, which eventually is used by 
the computer located near the receiver 
terminal. 


There are two basic design problems 
associated with the transmission of digital 
data over telephone facilities. One of 
these is impulse noise; the other is phase 
distortion. | When toll circuits are in- 
volved, two other types of problem are 
also encountered. One of these is the 
frequency translation which results from 
the use of single sideband voice carrier 
channels, and the other is the sudden 
change in level produced by compandors 
used in the line. 


Telephone line interference. 


Most interference on a telephone line 
is not random noise. Instead it consists 
of intermittent bursts of short pulses, gene- 
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rally of high amplitude,.which are in- 
duced in the line by weather conditions 
and man-made devices. Some of the 
interfering energy of these impulses may 
be removed through the use of a good 
automatic gain control circuit and peak 
clipping. Additional interfering energy 
may be removed by restricting the band- 
width of the frequency components allow- 
ed to enter the receiver. 

Very bad cases of phase distortion, 
which may be caused either by intentional 
loading of the lines to improve the voice 
characteristics, or by sharp cut-off filters 
inserted in the circuit, may be improved 
by fixed phase equalization networks 
located in series with the line. While 
adjustable phase equalization may be used 
to adjust the line for each transmission, 
this is not desirable, because it requires 
highly skilled operators and precise mea- 
suring equipment. Another way of over- 
coming the problem of phase distortion 
is to reduce the bandwidth of the fre- 
quency components allowed to enter the 
receiver. If the received spectrum is 
made narrower, then the envelope dis- 
tortion over the frequency range of the 
received signal will be greatly reduced. 

Note that both of these problems, im- 
pulse noise and phase distortion, may be 
overcome to a great extent by narrowing 
the bandwidth necessary to transmit infor- 
mation at a given rate. Therefore, efforts 
should be concentrated on methods of 
preparing the signal for transmission, and 
of interpreting the received signal, which 
requires a narrower band of frequencies 
for successful transmission. 

A digital modification circuit used in 
conjunction with the proper filters can 
be used to reduce the magnitude of the 
frequency components present in the 
binary signal at both upper and lower 
ends of the band. In order to understand 
the operation of this modifying circuit, 
it would be helpful to describe several 
steps in the development of the circuit. 

First of all, let us consider the direct 
transmission of a normal binary code 
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signal. The information to be trans- 
mitted consists of a series of ZEROS and 
ONES, as shown in figure 3. 

The signal to be transmitted in this 
case is 001001110. ‘The binary code signal 
is shown directly underneath the nume- 
rical information. Each ONE is repre- 
sented by a positive voltage, and each 


Binary Code OOM IL HOUROL aI | ve 48) 
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Figure 3. 


ZERO by a negative voltage. <A low fre- 
quency response is required in order to 
transmit this signal because there may be 
a long train of pulses of the same polarity. 
The cross-over sharpness of the binary 
code signal is provided by the presence 
of high frequency components. The 
bottom signal shows what happens to 
the binary code after it is passed through 
a low-pass filter which removes the higher 
frequency components. ‘Transmission of 
this type of signal over telephone wires 
is generally unsatisfactory because both 
the amplitude response and the phase 
response must be flat over a broad range 
of frequencies. ‘This is a difficult condi- 
tion to obtain with average telephone 
facilities. 


Phase modulation. 


The problem of phase and amplitude 
response at the low end of the fre- 
quency band may be overcome to some 
extent through the use of phase modula- 
tion. If a carrier signal with a frequency 
equal to the bit rate is used, and it is 
modulated by reversing its phase as the 
input changes from ONES to ZEROS, the 
pattern shown in figure 4 results. 

In this waveform note that each ZERO 
is represented by one cycle of the carrier 
signal and each ONE is also represented 
by one cycle, but that the signal has been 
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inverted for the ONES. It is no longer 
necessary to have D.C. response in order 
to transmit this signal, and the problem 
of phase response at the low end of the 
band has been somewhat alleviated. How- 
ever, it is necessary to transmit frequen- 
cies higher than the bit rate in order to 
interpret this signal properly at the recei- 
ver. The net result is that the overall 
required bandwidth has been widened by 
this approach. 


Binary Code O {e) \ (e) (0) | \ j fe) 
Phase 
Reversal 
Modulation 
Figure 4, 
Another type of modulation which 


might be used is one in which ZEROS are 
represented by no signal, and ONES are 
each represented by one cycle of the car- 
rier signal. , 
This method of transmission, shown 
in figure 5, is sometimes called « raised 
cosine >» modulation. With this type of 
modulation, a good phase and amplitude 
response is again required at the low end 
of the band, but the use of a clamping 
circuit in the receiver allows the relaxa- 
tion of this requirement to some extent. 


Binary Code O fe) | ie) O l | | (e) 
Amplitude le \\ J} \J \ J \ 
Modulation 

Figure 5, 


Transmission of the three types of 
signals just described is mot very satis- 
factory when regular telephone circuits 
are used as the communication medium. 
All three systems require a good ampli- 
tude and phase response over a bandwidth 
approximately equal to the bit rate. How- 
ever, it is possible to modify the original 
binary signal so that the total bandwidth 
required for transmission is reduced. 
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Represent « ONE » by a crossover. 


Instead of representing each ONE by 
a positive signal and each ZERO by a 
negative signal, suppose that the circuit 
represents each ONE by a transition, or 
cross-over from one state to the other, 
and each ZERO by no cross-over. ‘The 
original binary information will then 
result in the waveform shown in figure 6. 
Passing the signal through a_ low-pass 
filter results in the lower waveform. 


This digital modification may be 
obtained through the use of a very simple 
circuit. A signal which consists of a 
sharp pulse for each ONE and no pulse 
for each ZERO is sent into the input 
of a flip-flop counter. The output of 
the counter then consists of a transition 
every time a ONE appears. The band- 
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Figure 6. 


width required for transmission of this 
signal has not been reduced below that 
required for the previous signals. How- 
ever, an additional modification is now 
possible which will improve the situation. 


In figure 7, note that the binary code 
signal drives the flip-flop and the flip-flop 
is connected through a low-pass filter as 
before. However, in this case the input 
of a shorted delay line is connected across 
the input to the low-pass filter. One of 


‘the properties of a short-circuited delay 


line is that a pulse transmitted into its 
input is delayed and reflected back to 
the input with its polarity inverted. Sup- 
pose, in this case, that the equivalent 
length of the shorted delay line is one 
half of a bit interval. Then a signal 


OcrToBER 1960 


which enters the delay line will come 
back out inverted and delayed one bit 
interval. A step function applied to the 
input of the shorted delay line will be 
converted into a rectangular pulse one 
bit in length. What happens when a 
modified binary code signal is connected 
to the shorted delay line is shown in 
figure 8. 


Binary Code 
& 


Flip Flop 


Shorted 
Delay Line 
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have all been converted to a neutral or 
zero voltage. The ONES have all been 
converted to unit pulses, but the polarity 
of these pulses alternates. The first ONE 
is a positive pulse, the second ONE is a 
negative pulse, the third ONE is a posi- 
tive pulse, an so on. 

The bottom waveform in figure 8 is 
obtained at the output of the low-pass 


fy? Modi fied 
: os Baseband 
SNS Signal 


Figure 7. 


Binary Code O O 1 ) 


Digital 
Modification 


At Input 
to Shorted 
Delay Line 


After Low 
Pass Filter 


Figure 8. 


The top waveform is the signal at the 
output of the flip-flop. When this signal 
is impressed, through a terminating resis- 


tor, on the shorted delay line, a new 
signal results which has _ three possible 
levels. A transition from minus to plus 


is converted into a single positive unit 
pulse, and a transition from plus to minus 
is converted into a single negative unit 
pulse. A steady state condition, either 
positive or negative, results in a zero 
level signal. 

When this signal is compared with the 
original binary information, the ZEROS 


filter, in which the cut-off frequency is 
a little higher than one-half the bit rate. 
The total bandwidth required for trans- 
mission has now been considerably 
reduced. It extends from about one-fifth 
of the bit rate to a littke more than one- 
half of the bit rate. 


Use narrow band-pass filter. 


Since the components present in the 
transmitted waveform now cover a smaller 
part of the spectrum, a narrower band- 
pass filter may be used at the input to 
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the receiver. This should reduce the 
dificulties resulting from impulse noise 
and poor phase characteristics in the tele- 
phone facilities. 

The signal to be transmitted has now 
been converted from a binary form to 
a ternary form, in which there are three 
levels; positive, negative, and zero. ‘This 
means that some modifications are neces- 
sary at the receiver in order to recover 
the new transmitted signal. One advan- 
tage of the new digital modification is 
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the primary current. Since the ternary 
signal has positive and negative pulses 
alternating, then every correctly received 
pulse will switch the core, first in one 
direction and then in the other. Every 
broad positive input pulse will result in 
a sharp switching core positive output 
pulse, and every broad negative input 
pulse will result in a sharp negative out- 
put pulse. 

If a positive noise pulse appears imme- 
diately following a positive signal pulse, 


Input Oo Output 
ORE. 


Figure 9. 
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Pulses 
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Generator 


Amplifier 


Variable Receiver 
Frequency o Clock 
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Figure 10, 


immediately apparent. The signal may 
be inverted in the transmission medium, 
for example, by transformers, and no 
harm will result. The receiver will reco- 
ver data from either polarity of signal 
with no modification. 

A new passive circuit shown in figure 9, 
can be used to recover the binary informa- 
tion from the ternary signal received at 
the input to the receiving terminal. This 
circuit is called a switching core detector. 
It is simply a toroidal transformer in 
which the core is made from a material 
having a square hysteresis loop. When- 
ever the core primary current exceeds a 
certain critical value, the core switches 
suddenly from its previous state to~ the 
new state determined by the polarity of 


the switching core detector will not res- 
pond to the noise pulse, since it only 
responds to alternately positive and nega- 
tive pulses. 

A signal in which ONES are repre- 
sented by sharp positive pulses and 
ZEROS by no pulses may be obtained 
simply by full wave rectifying the output 
of the switching core detector. There- 
fore, the original binary signal at the 
input to the transmitting terminal has 
now been recovered at the output of the 
receiving terminal. System operation is 
somewhat improved through the use of 
an automatic gain control system in 
which the gain of an amplifier at the 
input to the receiver is automatically 
adjusted to maintain a constant pulse 
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amplitude output from -the full 
rectifier. 

The pulses recovered from the receiver 
may be given exactly constant amplitude 
and width through the use of a rege- 
nerative circuit. In addition, they may 
be given exact timing by gating or strob- 
ing with a receiver clock pulse. This 
requires that some sort of automatic fre- 
quency control system be used. 

Figure 10 is a block diagram of a typical 
automatic frequency control system. The 


Wave 


Switch 


normal method used to provide A.F.C. 
is to have a controlled frequency oscilla- 
tor, which provides receiver clock pulses, 
operating under control of a phase detec- 
tor circuit which compares the relative 
phases of the input signal and the signal 
from the local oscillator. However, in 
this case, the received signal is not a sine 
wave; in fact, it is mot even a repeating 
rectangular wave. It might be said that 
the input signal consists of a series of 
pulses, where each pulse occurs at a fixed 
relative time reference, but in which the 
presence or absence of each pulse is 
equally probable. 

Therefore, it is essential that the phase 
detecting circuit in the A.F.C. loop pos- 
sesses sufficient memory, so that it will 
hold the previous control voltage during 
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long periods of received signal in which 
no pulses occur. The required memory 
circuit is provided in this block diagram. 
A voltage is required, which is propor- 
tional to the phase difference between 
the variable frequency multi-vibrator 
signal and the input binary information 
pulses. The binary information pulses are 
used for sampling in a sampling clamp 
circuit. At the same time, a sawtooth 
waveform is generated by the output of 
the variable frequency multivibrator. The 


“l2V 


Output 


Figure 11. 


sampling pulses are used to take a mea- 
surement of the instantaneous voltage of 
the sawtooth waveform at the time of 
each sampling pulse. 

The operation of the sampling clamp 
may better be understood by referring to 
the circuit diagram figure 11. In this 
circuit, One transistor is used as a switch. 
It is normally nonconducting, but is 
turned on through the action of the 
sampling pulses which are amplified and 
applied to the base of the switching 
transistor. ‘The sawtooth waveform from 
the variable frequency multivibrator is 
connected to the emitter of the switching 
transistor. During the short interval in 
which the switch conducts, the capacitor C 
is charged or discharged so that the final 
voltage across it is equal to the instan- 
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taneous sawtooth voltage at the end of 
the sampling pulse when the switch opens. 
After the switch opens, the capacitor 
retains that voltage until it is again 
changed by the action of the switch. A 
two-transistor emitter follower reads the 
voltage across the capacitor without dis- 
charging it and provides a low impedance 
version of this stored voltage, which is 
amplified and used to control the fre- 
quency of the variable frequency multi- 
vibrator. This output control voltage is 
very nearly proportional to the relative 
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subcarrier system. If some of the sub- 
carrier frequency signal is transmitted 
along with the binary information, then 
it will also be translated by an equal 
amount and a subcarrier demodulator at 
the receiving terminal will recover the 
binary data without any overall frequency 
shift. One type of amplitude modulated 
subcarrier system which might be used 
provides vestigial sideband transmission. 
In this case, the equivalent of one side- 
band and some of the carrier are trans- 
mitted. 


3000 


2500 3500 4500 


2500 3000 


Frequency 


Figure 12. 


phase angle between the sampling pulses 
and the sawtooth waveform. 

Where telephone toll circuits are in- 
volved, another transmission problem _ is 
often encountered. This is brought about 
through the use of single sideband voice 
carrier channels. In this case, the carrier 
frequency of the transmitting terminal is 
not transmitted. Instead, the demodulat- 
ing carrier is reinserted at the receiving 
terminal. Since the two carrier frequen- 
cies may not be exactly equal, the result- 
ing demodulated output of the receiving 
carrier terminal may be translated in fre- 
quency, relative to the original input 
signal. While this translation causes very 
little trouble with voice signals, it can be 
disastrous as far as data is concerned. 

One method of overcoming this pro- 
blem is to use an amplitude-modulated 


Single sideband transmission. 


In figure 12, a binary data rate of 
of 2500 bits per second is used. The 
modified baseband ternary signal will 
occupy a band of frequencies from appro- 
ximately 500 to 1500 cycles per second. 
If the three kilocycle carrier is amplitude 
modulated, the result will be two side- 
bands, one from 1500 to 2500 cycles per 
second and one from 3500 to 4500 cycles 
per second. Passing this signal through 
an appropriate vestigial sideband filter 
leaves only the lower sideband and part 
of the carrier to be transmitted. Since 
frequency components near three kilo- 
cycles have been eliminated, amplitude and 
phase requirements of the vestigial side- 
band filter have now been somewhat 
simplified. 


/- = 
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Compandors raise problems. 


There is another problem which often 
appears in telephone toll circuits. This 
results from the use of compandors over 
which the transmitting and receiving sta- 
tions have no control. A compandor is 
a device used to adjust the overall gain 
of the communication system in order to 
provide an improved signal-to-noise ratio. 
The time constant of the automatic gain 
control circuit is designed so that the 
system voltage levels may be adjusted at 
a syllabic rate. ‘This is most appropriate 
for normal voice communications but may 
cause considerable difficulty when a data 
signal is suddenly applied to the telephone 
line. 


Compandors are especially troublesome 
in systems which provide automatic error 
correction through retransmission of blocks 
of data. The data communication system 
should be capable of transmitting a block, 
then stopping to check the accuracy of 
reception, and then starting up to transmit 
a second block. 


Compandors will cause little trouble if 
a constant amplitude signal is continually 
passed through the system. The ternary 
transmission signal and vestigial sideband 
amplitude-modulated subcarrier can _ be 
used to provide the necessary constant 
amplitude signal. If continuous ONES 
are transmitted through the system at all 
times when there is no data to be trans- 
mitted, then a constant amplitude tone 
will result. A data signal may be rein- 
stated into the system at any time with 
very little change in amplitude of the 
transmitted signal. 


During the verification interval after 
a block of data has been transmitted, 
continuous ONES may be sent out by 
the transmitting terminal. Since the 
required frequency spectrum has been 
reduced, there is now room for a tone 
signal, which may be used by the receiving 
terminal to verify accurate receipt of the 
previous block of data. 


An experimental model of a data trans- 


3% 
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mission link similar to the one described 
has been set up and operated over com- 
mercial telephone facilities. It should be 
remembered that this system is not intend- 
ed for use under high random noise con- 
ditions. However, on a typical average 
grade telephone circuit with a_ signal-to- 
noise ratio of approximately 12 decibels, 
very encouraging performance has been 
obtained. The system has been tested using 
random characters, repeating characters, 
and long trains of characters. 


For local telephone cable circuits where 
no single sideband voice carrier channels 
are involved, direct transmission of the 
modified baseband was utilized. ‘Testing 
so far has indicated that an information 
rate of 5000 bits per sec can be used with 
good reliability. ‘The measured error rates 
of most of the tests have fallen between 
one error in 100000, and one error in 
1 000 000 transmitted bits. 


2 500 bits per second. 


For transmission through carrier chan- 
nels, the amplitude-modulated subcarrier 
with vestigial sideband transmission has 
been used. ‘Testing so far has been con- 
ducted in the laboratory and over relati- 
vely short commercial toll circuits. The 
results indicate that it appears quite fea- 
sible to transmit information at a rate of 
2500 bits per sec. 


In addition to the equipment’s ability 
to transmit data at high rates of speed over 
telephone facilities, two other features 
should be noted. One of these is its low 
cost. The basic simplicity of the technique 
used to modify the signal for transmission 
results in an uncomplicated circuit dia- 
gram and therefore an inexpensive piece of 
equipment. In addition, since there are 
very few components in each terminal and 
since printed circuit plug-in modules are 
used throughout, the equipment is very 
easily maintained in operation. System 
reliability is provided by the exclusive use 
of solid state components. 


Several particular problems have been 
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selected for a concentrated effort in the 
near future. ‘These are: 


1) improved network design. ‘This work 
involves not only studying the overall res- 
ponse of the complete data transmission 
system with the goal of improving its opera- 
tion, but also the use of improved tech- 
niques for the design of the filters and 
equalizers; 


2) receiver improvement to reduce the 
transmission bandwidth still further. Se- 
veral new ideas .are being tried in experi- 
mental circuits and a concentrated effort is 
being applied to the problems of overcom- 
ing phase distortion and improving the 
system’s resistance to impulse noise; 


3) more extensive toll test. There is a 
continuing program involving extensive 
testing of the present equipment over si- 
mulated and actual commercial telephone 
toll circuits. The effort is now concentrat- 
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ed mainly on increasing the length of these 
circuits. 


The development program to provide 
new equipment which will result in im- 
proved transmission of digital information 
over telephone facilities, has led to several 
conclusions. Two basic disadvantages found 
in wire lines, impulse noise and poor phase 
characteristics can be overcome by reduc- 
ing the bandwidth of the frequency com- 
ponents necessary at the input to the re- 
ceiving terminal. ‘This bandwidth reduc- 
tion may be obtained through the use 
of a digital modification of the original 
binary signal, resulting in a ternary signal 
which is actually used for transmission. The 
results of tests with experimental equip- 
ment over actual commercial telephone cir- 
cuits have been so good that the design 
program is being continued, and it is anti- 
cipated that additional improvements will 
be forthcoming in the very near future. 


(62522150(52))Jov 7 


Development of air spring trucks in Japan, 


by Tadashi Marsuparra. 


(Japanese Railway Engineering, No. 2, March 1960.) 


1. Introduction. 


In the last several years rapid progress 
has been witnessed in the research into, and 
practical development of air springs in 
Japan; particularly its application to rail- 
way rolling stock has produced spectacular 
results. In the Japanese National Railways 
the crack trains such as the de luxe super- 


219 electric railcars, and | an electric loco- 
motive. Meanwhile, on private railways, 
also, many cars equipped with air springs 
of diverse types are being operated regularly 
or experimentally. ‘The number presently 
totals about 250 and is steadily on the 
increase. 

The Rolling Stock Dynamics Laboratory 
of the Railway Technical Research Institute 


[ Fig. |. Construction of Bellows Type Air Spring 
(for“Asakaze’ ) 
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Lid plate 
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2. Lower plate 
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6. Rubber bellows 


expresses « Kodama », « Asakaze », « Sa- 
kura », and recently some of the commuter 
trains as well, are made up of cars equipped 
with air springs and the excellent riding 
comfort given by these springs is highly 
appreciated by the travelling public. As of 
October 1959, the number of cars so 
equipped, including experimental units 
totals 290, of which 70 are passenger cars, 


of the Japanese National Railways has, since 
1955, been engaged in systematic studies on 
air-springs for vehicles. Valuable basic data 
on the design of air spring trucks have been 
furnished by the Laboratory and a series 
of experiments on cars with air springs was 
also carried out. 

The present paper purports to outline 
the development of air spring trucks in 
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Japan and to give a brief account of infor- 
mations and experiences gained through our 
theoretical and experimental studies. 


2. Construction and characteristics 
of air springs. 


Most of the air springs presently applied 
in Japan to railway rolling stock belong to 
the three-bulge bellows type. As a typical 
example the construction of that used for 
the « Asakaze » is illustrated in figure 1, 
a general view of the air spring as shows 
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where p,, A, and D, are respectively the 
internal pressure (absolute pressure), the 
area subject to pressure, and its diameter, 
under standard conditions; pag the atmo- 
spheric pressure; Heg the effective height 
of the air spring, in the case, with the 
internal volumes stated as V, it may be 
approximated by 


Heo = Vo/Ao, 


nm the polytropic index of air, equal to 1 
under isothermal change 1.4 under adia- 


Fig. 2. Results of statical load test 


on Bellows Type Air Spring 
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at the top of the article. The material of 
this bellows is a blend of natural and 
synthetic rubbers reinforced with twoply 
rayon cord. When the car is. under a 
capacity load, the static pressure reaches 
about 3.1 kg/cm?, with the static load being 
6.50 t and the internal volume about 24.7 1. 

In this type of air spring, the load P and 
the displacement x from a specified normal 
position can be correlated by the following 
formula : : 
Cx 
n 


(I a = — pa Aol a 


aH () 


internal pressure : P 


batic change, the latter value being expe- 
rimentally found appropriate when the 
vibration of cars is more than 1 Cps or so; 
n the number of bulges in the bellows; C a 
constant depending on the manner of 
anchoring the end of the bellows; (in the 


case of fig. 1, it may be presumed that 
GS 4p} 


When the air spring is connected to an 
auxiliary tank, the tank volume: V, should 
be added to V, in the case of static load; 
when a throttle is provided between the 
air spring and the tank, the value of Heo 
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under dynamic load becomes~a function of 
frequency and in the case of frequency 
being zero, naturally it is equal to 
(V, + Vz)/A,, approaching V,/A, as the 
frequency draws to infinity. 

The spring constant at standard height 
of spring is expressed by 


dP xpoAo C(po—pa)Ao 
kyo = {| — = + 
( dx hes Heo w nDo ) 


‘The first term in the above formula con- 
cerns the variation in internal pressure due 


Fig. 3. Results of lateral 
Bellows Type Air 
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value of C. This idea eventually leads to 
adoption of a diaphragm type of air spring. 
Figure 2 shows the results of a static load 
test on the air spring as illustrated by 
figure 1, in which the solid curve repre- 
sents the calculations by the above formula. 
There is a good agreement between the 
experimental and the theoretical values. 
Figure 3 gives some of the results of 
lateral displacement tests on different air 
springs belonging to the same type. As 
evidenced by this figure, in the case of 


displacement tests | 
Spring (for “Asakaze’ ) 


Bias angle 45° 600 
Standard height 


Air pressure :P 


180mm 


10 20 30 40 
Deflection 


to displacement and the second term the 
increase in area. 

It follows from this formula that in order 
to lower the spring constant of this type 
of air spring, not only should the first 
term be reduced through increase of effec- 
tive height by increased internal volume, 
but also the second term should be reduced 
through increase in the number of bulges. 
However, to increase the number of bulges 
will entail a problem of buckling of the 
bellows; therefore the practical limit is 
4 bulges. Another effective means of 
minimizing the second term is improvement 
of the shape of the clamping metal at the 
end of the bellows so as to give a smaller 


lateral displacement the curve has a gra- 
dual fall, contrary to the case of longitu- 
dinal displacement; that is, the displace- 
ment sharply increases when the lateral 
force exceeds a certain value. This is due 
to buckling of the bellows. For this reason, 
if this type of air spring is to be effective 
in the lateral direction, too large a displace- 
ment should be avoided; besides, combined 
use of a rubber stopper is necessitated. The 
hysteresis curve for lateral displacement 
produces a fairly large loop area owing 
to the sliding friction between the rubber 
membrane and the ring. Though it is 
known that the spring constant and the 
buckling limit in this lateral displacement 
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are influenced by the bias angle of cord as 
well as the configuration of the bellows, 
the theoretical calculation of these factors 
is too complicated to be worked out at least 
for the present. 

In addition to the bellows type men- 
tioned above, various other types are in 
use. The main object of such modifications 
is to improve the lateral displacement cha- 
racteristic. “Two variations of this type are 
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enough to produce good riding comfort and 
at the same time a large displacement is 
prevented to ensure the stability of the car. 
Figure 5 shows the results of the static load 
test on this type of air spring. 

As for the durability of these air springs, 
the bellows type is satisfactory. The rubber 
bellows in the early stage of its develop- 
ment was disfigured with ozone cracks, but 
not a single case of air leakage through 


Fig. 4 Construction of Diaphragm Type Air Spring | 
(for TR9O Truck) 
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available; one with the coil spring exposed 
outside the rubber membrane and one with 
it embedded in the membrane. 


Figure 4 explains the construction of the 
so-called diaphragm type which recently 
underwent an endurance test in the field. 
In this type the shapes of the piston peri- 
phery and the cylinder skirt coming in 
contact with the rubber diaphragm are 
appropriately formed so that the~ second 
term of formula (2) will reflect changes in 
displacement, that is, the load-displacement 
curve may flatten out in the neighbourhood 
of the standard height of the spring, while 
its gradient will increase with the increase 
in displacement. “Thus, under normal con- 
ditions, the spring constant is made small 


the cracks has been reported. Such cracks 
have been successfully eliminated by selec- 
tion of the proper material. In the dia- 
phragm type fatigue strength poses a prob- 
lem in automobiles which are heavily sub- 
ject to vibrational displacement, but pro- 
bably no problem in railway vehicles which 
are less subject to it. This problem is now 
under experimental study. 


3. Actual examples 
of air spring ‘trucks. 
Types»of» trucks so far built in Japan 


with air springs total an astonishingly large 
number. The most typical ones have been 


selected for description in sequence of their 
development. 
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The first air spring to be.tentatively put 
in service in Japan was KS 50, an electric 
railcar truck for Keihan Electric Railway 
built by the Kisha Seizo Kaisha, in which 
the axle spring was replaced with an air 
spring. Otherwise the car is similar to 
the conventional all coil spring type. The 


Fig. 5. Results of statical 


on Diaphragm Type Air Spr 
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bright prospect for practical development 
of air spring trucks and a wealth of valuable 
data for future designing. 

To use an air spring as axle spring pre- 
sented no trouble from the vibrational point 
of view, but there were inevitable draw- 
backs with air springs such as increased 


load test 


internal 


pressure ‘P 


Standard height 


auxiliary tank occupied the space enclosed 
by side sills and cross beams. ‘The auto- 
matic height control valves are installed 
diagonally, one each on both sides between 
the axle box and the side sill. [The new 
truck was superior to the conventional coil- 
spring truck with respect to reduction in 
both vibration and noise, and provided a 


number required, vulnerability of the auto- 
matic height control valve and moreover, 
occasional impossibility of halting the action 
of the valve at time of braking or at spots 
with a sharp cant difference between two 
axles. For this reason, in subsequent designs 
the air spring has come to be used exclu- 
sively as a bolster spring. 
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The first attempt was represented by the 
KS 51 truck also built by the Kisha Seizo 
Kaisha following KS 50 in figure 6, In the 
improved truck, only the bolster spring of 
the conventional, all-coil spring truck with 
swing hanger, was substituted with an air 
spring. Officially adopted for use in the 
cars for the super express electric train of 
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in the former and 40 kg/cm/s in the latter, 
which are approximately equal to half the 
value for coil springs. The size of the 
throttle between the air spring and tank 
and the optimum damping values of oil 
dampers have been established through 


theoretical analysis and further confirmed 
by experimental results. 


Inasmuch as the 


Fig. 6. — KS50 Type. 
by Kisha Seizo Kaisha for 


Keihan Electric Railway, it has won great 
popularity among the passengers. At pre- 
sent most of the air-spring trucks widely 
adopted in Japan belong to this type. As 
representative trucks of this type, photo- 
graphs: of the TR 55 truck for « Asakaze » 
of JNR and DT 23 for « Kodama » are 
shown in figures 7, 8 respectively; in the 


Manufactured in 1956 
Keihan Electric Railways. 


’ 


Japanese National Railways is of narrow 
gauge, the lateral stability of rolling stock 
is a perennial headache and both trucks 
are equipped with stabilizers utilizing a 
torsion bar. 

Viewed from the construction aspect, all 
of the air-spring trucks described above are 
nothing but the common type trucks with 


Fig. Jj. ——) DRI55 Dype- 


former the auxiliary tank is located inside 
the side sill and in the latter, inside the 
upper bolster. The ratio of the interior 
volume of the bellows to that of the tank 
is 3.3 in the former and 2.3 in the latter; 
in both cases a throttle 15mm in diameter 
is inserted between bellows and tank. - In 
addition, an oil damper is jointly used, 
with a damping coefficient of 20 kg/cm/s 


Designed and used by JNR (1958). 


axle springs, bolster springs and swing han- 
gers that have their metal springs replaced 
with air springs. The, principal object 
namely to improve the vibrational riding 
comfort has thus been accomplished with 
satisfaction. In the next stage of progress, 


efforts are being directed towards simplifi- 
cation of truck structure. As a result various 
types of unique design departing from the 
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fixed concept of trucks in~the past and 
doing full justice to the characteristics of 
air springs have been constructed on an 
experimental basis. Most notable among 
them is the following. 

Figure 9 shows an example of an air 
spring truck for railers which is greatly 
simplified in construction. In this example 
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of the spring system to one degree of free- 
dom with exclusive reliance on the damping 
effect of air such as in this example may 
somewhat aggravate the chatter, but not 
to any serious extent, the test results on 
this truck confirm that such chatter might 
be tolerated in commuter trains. 

In the case of a motored railcar, the truck 


Fig. 8. — DT 23 Type. 


the lateral elasticity of air springs is 
exploited so as to abandon the swing bol- 
ster, while the incomparable softness of air 
springs is counted upon so as to dispense 
with the axle spring. Further with reliance 
on the effect of the orifice between the air 
spring and the auxiliary tank located inside 
the side sill, even the oil damper is aban- 


Designed and used by JNR (1958). 


construction is rather complicated due to 
necessity of installing the motor above the 
spring. Figure 10 shows an example of 
motored railcar truck equipped with an 
air spring; the motor, not shown in the 
photograph, is mounted on the beam and 
supported by anti-vibration rubber between 
the side sills on both sides. This truck is 


Fig. 9. — KH15 Type. 


doned. The only addition is a stabilizer 
using a torsion bar for the purpose of 
eliminating the rolling caused as a result 
of the air spring on both sides being 
connected. There is only one automatic 
height control valve installed in the centre 
of the upper swing bolster. 

In the case of air spring trucks, reduction 


Manufactured in 1958 
by Hitachi Ltd. for Sagami Railway. 


not provided with an anti-rolling device. 
The oil damper is provided to deal with 
lateral movement only and oil damping 
against vertival movement is omitted. © In 
consideration of abatement of longitudinal 
vibration the bolster anchor is alined with 
the central plane of the axle and the centre 
plate is located as low as possible. In the 
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case of air spring trucks, particularly mo- 
tored railcar trucks, it is quite often found 
that the abatement of vertical vibration 
makes the longitudinal vibration, which was 
previously not too noticeable, more conspi- 
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so as to be freely rotary on the centre 
plate. The interior of the bolster serves 


as auxiliary tank and both sides of the 
bolster are consolidated with the car body 
through bolster anchors. 


Between the body 


Fig. 10. — KS55 Type. Manufactured in 1959 
by Kisha Seizo Kaisha for Keihan Electric Railway. 


cuous. For this reason, special attention 
should be paid in designing to the height 
of the bolster anchor installation and the 
stiffness of its rubber fixtures. 

Figure 11 shows another example of a 
similar truck. In this instance, the axle 
spring is retained for better vibrational 


and the bolster there is an oil damper 
which reacts only to the lateral movement. 
The load on the car body is transmitted 
to the truck frame, mostly through the 
centre plate and partly through the side 
bearing immediately below the air spring 
of the bolster. 


Bigs 112 FSi207 Type: 


Manufactured in 1959 


by Sumitomo Metal Industries for Hanshin Electric Railway. 


riding comfort and for installation of the 
motor above the spring. The top of the 
air spring touches the car body and the 
bottom is fixed to the bolster which is 
mounted on the cross beam of the truck 


\ 


These two represent the exploitation of 
the lateral elasticity of the air spring with 
consequent elimination of a swing hanger 
mechanism. Experimental results show that 
there are no indications that lateral vibra- 
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tion of the car body is particularly aggra- 
vated by adoption of these trucks. It is 
presumed that at least with speeds up to 
110 km/h, this type can be used with 
satisfaction; the only precautions to be 
taken in its employment are to install the 
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frame which has small resistance to torsion, 
and the air spring is directly mounted on 
the side sill, in DI90M these side sills 
are linked through anti-vibration rubber 
with an intermediate frame and then the 
air spring is mounted over them. Of course 


Fig. 12. — DT90M Type. 


Experimental truck manufactured 


in 1959 by Kinki Sharyo Co. for JNR. 


air springs as high as possible and space 
them as wide as possible to prevent rolling 
and, if necessary, to provide some appro- 
priate stabilizing device. 

Lastly, two types of new air spring trucks 
developed for testing purposes by the Japa- 
nese National Railways are shown in figu- 


the motor is attached to this intermediate 
frame. 

Figure 13 shows a passenger car truck 
designed for retaining the swing hanger. 
The air spring adopted is the diaphragm 
type shown in figure 4; the top, that is, the 
cylinder side, is fixed to the car body and 


Fig. 13. 


— TR90 Type. 


Experimental truck manufactured 


in 1959 by Hitachi, Ltd. for JNR. 


reswi2znand ls qeebigure il2015 9D T,90M, 
intended for suburban commuter trains. 
Like the truck KS55 shown in figure 10, 
it has no swing bolster hanger nor axle 
spring. But, whereas in KS 55, both of the 
side sills are connected together with a 


the bottom i.e. the piston side, to the swing 
bolster. The load of the body is transmitted 
from the air spring vertically through the 
swing bolster and its hanger to the side 
sill. The body and the bolster are linked 
by the bolsters in the lateral and longitu- 
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dinal directions respectively. The longitu- 
dinal force is transmitted from the bolster 
centrally through the link mechanism to 
the cross beam. 


4. Test results on air spring trucks. 


Some of the test results are cited to 
illustrate the excellent vibrational charac- 
teristics of air spring trucks. 


Figure 14 shows how the vibrational cha- 
racteristics are improved in the electric rail- 
car, Type MOHA 90 equipped with a com- 
mon all-coil spring truck DT 21 when the 
bolster spring of the truck is replaced with 
an air spring. ‘The vibrational acceleration 
of a car body with air springs is reduced 
in the vertical direction about 40-50 Gsrtit 
the lateral direction about 10-20 %, as com- 
pared with metal springs. Figure 15 compa- 
res vibrational acceleration of car_ bodies 
between the de luxe passenger car with air 
spring trucks used on the « Asakaze » and 
a common type mounted on the latest model 
of truck with metal springs. It is evident 
from this figure that a remarkable improve- 
ment in the vibrational characteristics of 
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car bodies has been achieved through adop- 
tion of air spring trucks. 

The contribution of air spring trucks to 
the abatement of noise in the train is also 
appreciated; no precise measurement data 
are available yet, but it may easily be 
recognized that the sleeping car with air 
springs offers a favourable contrast to the 
one with metal springs. 

Running tests have been conducted on 
TR 55 trucks for « Asakaze » and DT 23 
for.« Kodama » to see if they are still safe 
in operation in case the air is exhausted 
from the springs owing to some untoward 
accident. Naturally there was a substantial 
increase in the vibrational acceleration of 
the car body, particularly more chattering. 
On the whole, it has been ascertained that 
the situation is more or less the same as 
with trucks equipped with conventional 
laminated leaf springs, and no particular 
alarm meed to be felt regarding safety of 
operation. 


Fig. (5 Eyanple o vibrational test results on Air Spring Truck 
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Asphalt-coated ballast. 


Potential benefits spur further tests. 


(Railway Track and Structures, July 1959.) 


Earlier tests have suggested that definite savings in maintenance costs are possible 
through the use of asphalt-impregnated ballast. 

Now those possibilities are to be further explored through additional test installa- 
tions sponsored by The Asphalt Institute and the Engineering Division, A.A.R. 

But something new is to be added this time: at least some of the test sections will 
be located on track laid with continuous welded rail, with 78-ft. and 117-ft. rails, and 
with tight joints as well as with conventional joints. Oa 


Maintenance data for asphalt-treated roadbed (left) on the 
Santa Fe near Barstow, Calif., will be compiled and compared 
with those for the untreated ballast (right). 
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As far back as 1926, railroad engineers 
have been experimenting with asphalt in 
an effort to exclude water and fouling 
materials from the ballast. This year, 
encouraged by the performance records of 
these earlier tests of asphalt-treated ballast, 
a number of new test sections are being 
established. 

Undertaken primarily to determine the 
economy of using asphalt-treated ballast on 
track laid with fewer rail joints, the new 
tests are being sponsored by The Asphalt 
Institute and the Engineering Division, 
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tachometer for governing the asphalt distri- 
bution, and spray bars. Two of the latter 
are of the outrigger type for covering the 
track area outside the rails, resulting in a 
total swath of about 14 ft. 

A fan-shaped spray pattern assures dis- 
tribution of the hot asphalt cement while 
specially designed shoes prevent this ma- 
terial from getting on the rail treads. A 
swinging 22-ft. overhead boom at each end 
of the car permits a continual supply of 
asphalt cement to be drawn from tank cars 
on each end. 


Distributor car is assured an adequate supply of asphalt by 
provision of overhead pipe connections to adjacent supply cars. 


- 


A.A.R. ‘They will be located on track laid 
with continuous welded rail, with 78-ft. and 
117-ft. rails, with tight joints and with 
conventional joints. Several different types 
of ballast will be applied in the test sec- 
tions, including crushed gravel, crushed 
limestone, crushed blast-furnace slag, crush- 
ed chat and volcanic cinders. 

Two specially equipped cars for the 
asphalt treatment of ballast were developed 
and constructed. One, the asphalt distri- 
butor unit, was built on a flat car.and 
was equipped with a pump, a hot-oil system 
for maintaining heated supply lines, a 


Rotary flinger spreads stone. 


The other car is the stone-spreading unit. 
This is a conventional bottom-dump hopper 
car of 50 tons capacity. A gas-engine 
generating plant is mounted within the 
car between the two hoppers. This fur- 
nishes electric power for driving two motors 
used for flinging the screenings. A rotary 
flinger is mounted on each side beneath 
one of the hoppers and casts the stone 
toward baffle plates. From there the stone 
is spread over that part of the track area 
which extends from about the ends of the 
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ties to 7 ft. out from the -center line of 
the track. ‘The second hopper is employed 
to feed stone over the track area between 
the tie ends. 


Used on Santa Fe. 


The first road to avail itself of this equip- 
ment on a loan basis was the Santa Fe. 
This road scheduled the application of six 
test sections, totaling 25 miles, during April 
and May. ‘These included a two-mile sec- 
tion near Barstow, Calif., one five miles 
long near Peach Springs, Ariz., a section 
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served principally as a blotter course but it 
also filled the larger voids. 

The distributor car made two passes over 
the test section to achieve the specified rate 
of application. The capacity of the asphalt 
pump was limited to | gal. of asphalt per 
sq. yd. when traveling at a speed of 2 m.p.h., 
or 2 gal. per sq. yd. at 1 m.p.h. It was 
found impracticable to throttle down the 
work train speed to a constant forward 
movement slower than 2 m.p.h. It is be- 
lieved that a larger pump or the use of 
dual distributor cars will overcome this 
problem. 


Hot asphalt is spread by outrigger and undercar spray bars. 
Specially designed shoes prevent the rails from being coated. 


near Albuquerque, N.M., and others near 
Topeka, Kan., Marceline, Mo., and Wil- 
liamsfield, Ill. It is expected that other 
roads also will set up test installations of 
treated ballast during the current year. 
The installation at Barstow was made on 
a stretch of track recently relaid with hea- 
vier rail and then reballasted. The asphalt 
spray, 85-100 penetration grade, was applied 
atvarates of lw l/4galieperasqs yd. It 
penetrated into the stone ballast to a 
depth of more than 2 in. The cover stone, 
applied at the rate of 10 lb. per sq. yd., 


Tests should answer questions. 


It is expected that the new tests will 
answer some of the questions now in the 
minds of trackmen relative to asphalt-treat- 
ed ballast. For instance, the tests on the 
Illinois Central were carried out when tie 
renewals and much of the other track work 
were done manually. The new tests will 
reveal the man-hours necessary for making 
tie renewals and surfacing track with today’s 
equipment, 


Other questions are : 
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What effect will modern  tie-removal 
machines have on the asphalt coating ? 

What effect will the asphalt have on the 
track machines ? 

How will spot surfacing be done 7 

In view of the necessity of resealing the 
asphalt coating, will the tracks be maintain- 
ed to the same standard as adjacent track ? 
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asphalt-coated stone ballast. This installa- 
tion was located on the road’s east bound 
high-speed main track along the station 
platform at Byran, Ohio. 

For this installation the old cemented 
ballast was first dug out and new stone 
ballast, coated with emulsified asphalt was 
placed to a depth of 8 in. under the 


‘Two passes were made over the test section to achieve the specified rate of application 


of 1 1/4 gal. per sq. yd. 


WHAT EARLIER TESTS 
HAVE SHOWN. 


There have been two major service tests 
of asphalt-treated ballast in the past, one 
on the New York Central and the other 
on the Illinois Central. Here are details 


of these tests and what was learned from 


them : 
On the New York Central. 


The installation on the N.Y.C., made in’ 


1926, was a 600-ft. test section of emulsified- 


This penetrated the stone ballast from 2 to 3 in. 


crossties. This ballast was tamped under 
and around 7-in. by 9-in. ties which had 
been painted on the sides and ends with 
emulsified asphalt. A top coat, 1 in. thick, 
was placed over the ballast to fill the voids 
and completely seal the surface. This coat 
was a mixture of emulsified asphalt and 
wet sand. 

The N.Y.C. kept records of the track 
work performed on this test section, which 
included the man-hours expended by both 
the foreman and laborers, material and 
equipment, as well as the type of work 
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performed. The road reported that no 
work was done or any minor repairs made 
until August 1940 — 14 years after the 
initial installation — at which time the seal 
coat was removed in a few places where it 
had been shattered and was replaced with 
new material. It was noted that some track 
creeping had opened up cracks between 
the edges of the ties and the seal coat. 
These were filled with a mixture of sand 
and asphalt. 
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Labor cost was low. 


The cost of maintaining the track in 
the 600-ft. test section was found to be 
relatively low. For the five years 1940- 
1944, inclusive, an average of 42 man- 
hours of the foreman’s time, 108 man-hours 
of the sectionmen’s time, 0.9 cu. yd. of 
sand, 0.4 cu. yd. of stone ballast and 
192 gal. of emulsified asphalt were used 
annually on the maintenance of this track. 


Stone aggregate of small size is spread evenly over the treated 
ballast by rotary flingers installed beneath bottom-dump 


hopper cars. 


During the years 1941 to 1944, inclusive, 
other minor ballast repairs were made. 
These included the raising of a few low 
joints, the tightening of some loose ties 


and the renewal of some ballast in the 
cribs east of a highway crossing. New rail 
and fastenings, except plates, were laid 


through the test section in 1942. 


Rail-relay work was not included in these 
averages. 

Reports on this test were favorable. The 
track had good riding qualities under high- 
speed operation. It stayed in good line 
and surface — in fact, it preserved these 
qualities more than conventional stone bal- 
last. Also, because emulsified asphalt was 
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used instead of the hot-mix type, the bal- 
last mixture remained pliable so the track 
could be worked whenever low spots de- 
veloped and the seal coat could be restored. 

However, apparently there was some spe- 
culation among maintenance officers that 
erhaps it was not necessary to treat all 
of the ballast in the section with asphalt. 
Sooner or later the crossties would wear 
out and the renewals no doubt could be 
made easier in conventional ballast than 
in asphalt-treated ballast. This engendered 
the idea of providing an asphalt seal coat 
as an umbrella over the ballast section. 
It was reasoned that the elimination of 
water and foreign matter from the ballast 
would produce a dry roadbed and uniform 
track conditions that would reduce main- 
tenance. 


On the Illinois Central. 


Because of this interest, the Illinois Cen- 
tral installed a 1/2-mile test installation 
of asphalt-penetrated ballast with a_ seal 
coat near Manteno, Ill. This test was 
sponsored by The Asphalt Institute and 
received the cooperation of the Engineering 
Division research staff of the A.A.R. 

In setting up this test section, the bal- 
last was first cleaned, the track raised 6 in. 
on new ballast, all necessary tie renewals 
were made and new 131-lb. rail laid. After 
the track was tamped, Texaco No. 96 
asphalt paving cement, heated to between 
275 and 350°, was applied by a distributor 
truck mounted on the rear of a flat car. 
Following the asphalt application, a layer 
of limestone screenings was spread, broom- 
ed and tamped. A second application of 
asphalt and the seal coat aggregate was 
spread over a swath 12 ft. wide. About 
7200 gal. of asphalt were used, resulting 
in a penetration of from 3 to 4 in. 

Following the installation, the Illinois 
Central maintained records of the labor 
and material required to keep the test track 
up to the desired standards. 

The majority of the labor was required 
for restoring surface. Appreciable lining 
operations were required only one year in 
the 10. The surfacing procedure consisted 
of what was called « end paddling ». This 
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involved the cutting away of the asphalt- 
impregnated ballast from the ends of the 
ties, jacking the track to the required 
grade, and inserting chats or screenings 
under the ties by means of a long smooth 
steel blade. In 1948, this procedure was 
varied to permit the injection of a sand- 
cement slurry under the ties through pres- 
sure supplied by a small mud-jack. 

In addition to the labor requirements, 
the test section required additional asphalt 
and screenings for resealing the surface. 
Annual requirements varied from 600 to 
1000 gal. of asphalt and from 10 to 
20 cu. yd. of screenings for the period 1947- 
1952 inclusive. 


Committee reports favorably. 


After an inspection in the summer of 
1953, it was agreed that the test section 
had fulfilled its life and that conditions 
were such that an out-of-face surfacing was 
required. The A.R.E.A. Roadway and Bal- 
last committee concluded that asphalt-treat- 
ed ballast is practical and beneficial. It 
also concluded that the economic life of 
this test section was seven years, because 
the section labor required during the last 
three years of the test period was in excess 
of that for the entire division on a _ per- 
mile basis. It was reported that the track 
drained well, that dust and cinders were 
kept out of the ballast and that there was 
less pumping than on conventional track. 
In general, the track reportedly rode well 
and the asphalt ballast was effective in 
maintaining line. 

An interesting observation made by the 
Roadway and Ballast committee was that 
the greatest saving was in crossties. The 
seal coat sealed the checks and splits, pro- 
longing the life of the ties to the extent 
that renewals on this section were half 
of those on adjacent track. 

Experience with this test track showed 
that the maintenance work required was 
primarily centered at the rail joints. On 
this evidence it was pointed out that the 
economic life of asphalt-treated track would 
be materially increased by the use of con- 
tinuous welded rail. 
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Gangs do signal maintenance, 


by V. P. SHEPARDSON 


Engineer Signals and Communications Richmond, Fredericksburg & Potomac. 


(Railway Signaling and Communications, Fébruary 1960.) 


Richmond, Fredericksburg & Potomac has been using gangs for signal maintenance 


work for four years. 


tories has proved successful on this 110-mile mainline railroad. 


Using gangs instead of signal maintainers on individual terri- 


Editor’s note: Mr. She- 


pardson spoke on gang maintenance at the Signal Section convention in October at 


Washington. 


This article contains much of his talk, plus additional material prepared 


especially for Railway Signaling and Communications readers. 


We obtain high standards of maintenance 
by using gangs instead of signal maintainers 
assigned to individual territories. We have 
had the gang maintenance system for four 
years, and it meets our requirements. 


While each man in the gang is an all- 
around signalman, some become experts on 
different phases of modern signaling. ‘Thus 
we utilize these individual talents or spe- 
cialties to the best advantage. For example, 
a man may become an expert on adjusting 
coded track circuits, another on carrier cir- 
cuits, crossing gates, etc. If trouble occurs 
or repair is needed, the best suited man 
can be sent to do the job. We have these 
specialists in each gang, so they go only 
in the territory covered by their gang. 


Traffic control all the way. 


Before getting into the details, such as 
how many men are in each gang, etc. I 
had better tell you something about 
R.F.& P. signaling. We have 100 % traf- 
fic control from Richmond to Washington, 
110 miles of multiple track mainline. Cab 
signaling and automatic train control are 
in service for bi-directional running. Ex- 
cept at interlockings, wayside signals are 
in service on each track for right-hand run- 
ning only. Traffic locking is in effect 
between all interlockings, remote and 
locally controlled. These interlockings 


total 17, and in addition we have four 
remote control yard switch layouts. All 
mainline hand-throw switches are equip- 
ped with electric locks. All high signals 
and most dwarf signals are the colorlight 
type. .Some new two-unit searchlight dwarf 
signals are being installed to replace bridge- 
mounted colorlight signals. 

At Alexandria, Va., just across from 
Washington, we have a large retarder clas- 
sification facility known as Potomac yard. 
There are two hump yards: 1) the north- 
ward hump yard of 49 classification tracks 
with power switches and manual retarder 
controls, and 2) the southward hump yard 
which we are rebuilding. This yard has 
39 class tracks, automatic switching, radar 
speed control for automatic contro] of the 
master retarder and pushbutton speed se- 
lection on the group retarders. In rebuild- 
ing the yard, we did not have enough 
room for the required length of tangent 
and curve track on which to make rolling 
resistance measurements essential for auto- 
matic control of the group retarders. 


In addition to highway crossing protec- 
tion equipment, interlockings and other 
standard signal facilities, our gangs main- 
tain two hotbox detector installations. One 
detector is about 30 miles south of « Pot » 
yard (Alexandria) to check southbound 
trains after leaving the yard. The other 
detector is 30 miles north of Richmond, 
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and checks northbound trains. Wire line 
carrier brings the detector signals to re- 
corders in the Richmond _ dispatcher’s 
office. 


Do all types of signal work. 


Our gangs do all types of signal con- 
struction and maintenance work. Highway 
crossing protection, interlockings (new, con- 
solidated and modernized), and pole line 
relocation, construction and maintenance 
are some of the many and varied facilities 
covered by these gangs. At Potomac yard 
joint maintenance work is carried on with 
the communications men. For example, 
the radar units are replaced by signalmen, 
but are repaired by F.C.C. licensed com- 
munications men. 

Of the four gangs, three work along the 
railroad, while the fourth is now engaged 
in construction work in modernizing the 
southbound hump and class tracks at Po- 
tomac yard. ‘This yard construction gang 
and another gang are headquartered at 
Alexandria, Va. The other two signal 
gangs are headquartered at Fredericksburg 
and Richmond. 


No mainline track walkers. 


We have no mainline track walkers. To 
patrol our mainline we have four men 
working in pairs — a signalman and a 
track inspector. Each pair rides a_ track 
motor car and covers 25 miles of line every 
day. One pair is headquartered at Dos- 
well, Va., M.P. 22 (north of Richmond). 
The other pair works out of Quantico 
(M.P. 79). In addition to inspecting rail 
bonds, insulated joints, track, switches, pole 
line and right-of-way structures and_faci- 
lities, they work together in making switch 
adjustments and. switch obstruction tests. 
The signalman carries rail bonds with him 
and replaces bonds when necessary. (We 
use a Copperweld, 7-strand, 53-in. plug 
type bond that rides on top of the joint 
bar bolts, but under the lip of the bar.) 
These men do any work they can do, 
the rest is reported to signal or M./W. 
supervisor for gang maintenance. 
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A foreman is in charge of each gang, 
and assigns the work to be done each day. 
The men are signalmen or assistants, we 
have no helpers. In addition to the fore- 
man, each gang has a lead signalman. The 
size of the gang depends on the work to 
be done. 

We equip each gang with a one-ton 


stake body truck and two half-ton pickups. 


Each gang carries portable telephones that 
can be hooked on the message or dis- 
patcher’s circuit. For pole line work, the 
signal gangs help the communications men. 
We have one pole line truck especially for 
this work. It is a four-wheel drive truck 
with an A-frame, pole hole augur and a 
winch. It is equipped with two-way radio 
operating on our train-to-wayside frequency. 
The dispatcher can keep in radio com- 
munication with the truck at all times 
through our wayside radio stations. We 
have two signal shops: one at Potomac 
yard and the other at Fredericksburg. Each 
shop is under the respective gang foreman, 
and he assigns men to shop work as re- 
quired. One gang has a relay repairman. 


Avoid routine. 


The word routine when used with signal 


maintenance is a rather meaningless word: 


that to me could best be defined as rut. 
Any work performed on a routine basis, 
whether the work is needed or not, is wast- 
ed effort. A detailed study of signal faults 
will indicate how effective our maintenance 
has been, but will not indicate if our 
routine maintenance has been carried to 
the point where the cost becomes excessive 
for the results obtained. 

If our routine schedule is on the heavy 
side, how will we know until we have 
tried that we could get along on half as 
much? ‘There are two extremes on almost 
any type of rowtime and neither is always 
correct. It would seem that in either case, 
it is worth a little deviation from what 
we have been doing just to convince our- 
selves that we are right or that we have 
been wrong all the time. 

I once saw this heading on an article: 
« Maintenance. — The Secret of Cost Re- 
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duction ». Why this should be a secret 
I will never know unless because of rail- 
road accounting methods, a large part of 
signal maintenance expenses is hidden in 
other accounts. This may be good, but 
to determine actual maintenance costs for 
useful comparison, extra bookkeeping is 


required by the signal department. But 
this can be well worth the effort. 
A detailed examination of one _ rail- 


road’s signal accounts indicated an exces- 
sive amount of time charged to « cleaning 
and oiling ». An investigation disclosed 
that a routine had been established years 
ago and followed without question. <A 
clean switch with well lubricated plates 
will operate even if the switch is out of 
surface. And by the same token, an extra 
pound or so of air pressure, or an extra 
cell or two of battery, or the addition of 
switch point rollers, will result in the switch 
operating even if the plates lack proper 
lubrication. 

Signal faults caused by dirty contacts are 
rare. Some routine cleaning causes faults. 
Cleaning bands on an interlocking machine 
will eventually result in lost tension of 
fingers, or thread from the cleaning cloth 
cause an open circuit. The zerk fittings 
on signal apparatus result in excessive lu- 
brication applied by conscientious signal- 
men on routine. A sub-tower or case con- 
taining modern signal equipment requires 
very little rowtime maintenance. Just what 
is there for a maintainer to do at these 
locations? If proper records are kept, a 
meter will tell a signalman the condition 
of a track circuit much quicker and with 
greater accuracy than walking track, in- 
specting and pulling bond wires on routine. 

Skilled manhours are entirely too val- 
uable and in far too short supply to squan- 
der. The signal maintenance man is a 
very conservative workman. He makes few 
mistakes, and when he does make one it 
is generally on the safe side. Any changes 
to upset his established routine had_ best 
be induced rather than imposed. We often 
become so accustomed to doing things in 
a certain way at a certain time, we no 
longer question the basic purpose of our 
actions. Blind conformists are found in 
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signaling the same as in all walks of life. 
Experience indicates that the signal sup- 
pliers are much too modest in their recom- 
mended time interval to routine check 
their equipment. We are required by law 
to follow a certain routine of inspections 
and tests of signal devices, but that is one 
routine that is outside the scope of this 
talk. 


Training for assistant signalmen. 


We have a four-year training program 
for assistant signalmen. An understanding 
with the Brotherhood of Railroad Signal- 
men of America permits us to moye the 
men around the railroad so they may obtain 
varied experience in signal work. 

The men are given on-the-job training 
with instruction by myself and the assistant 
supervisors. We also give them a copy of 
« Railway Signaling and Railway Opera- 
tions » as well as Signal Section chapters 
on « Railway Signaling Principles and 
Practices » which pertain to the work they 
are doing in a particular six months’ 
period. At the end of each six months, 
the men are given a written and _ oral 
examination covering the work done in 
this period. The men must pass each of 
the eight examinations during the four- 
year training program. 

The written examination consists of mul- 
tiple choice, true and false, and matching 
questions (match definition with symbol or 
indication with aspect.) Passing is 70. 
A man can ask for a re-examination within 
three months. After two failures he is 
dismissed as not being able to qualify as 
a signalman. 

I prepare and correct the written exam- 
inations. I also give the oral exams. If 
meter readings, switch adjustments or si- 
milar equipment testing or maintenance 
procedures are involved, I go out in the 
field with the man and watch him at work. 
It’s real on-the-job training and testing. 


Learn about R.F. & P. first. 


The training, of course, starts with basic 
information pertinent to our road, and 
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progressively becomes more difficult. For 
example, the first six-months’ exam covers 
the operating time table, rule book, safety 
rules and graphic symbols. The second 
exam will cover meter reading, circuit sym- 
bols, switch operating sequence, and various 
types of relay hook-ups. The third exam 
is more technical, covering the basics of 
car retarders, C.T.C. or highway crossing 
protection, depending upon the work per- 
formed by the man. As we have one gang 
working at Potomac yard, we can put an 
assistant signalman in for six months to 
give him some retarder experience. We 
usually finish the training program on car- 
rier equipment. Toward the end, we 
always bring the men into the drafting 
room for experience doing circuit work. 
This program has been very successful, both 
from the standpoint of the men and our 
management. 


Many advantages when signal 
maintenance work is done by gangs. 


The abolishment of maintenance sections 
with individual maintainers and the esta- 
blishment of gangs has many advantages. 
Here are eleven, with a brief discussion of 
each : 


1) The skill and knowledge of experts 
are utilized to the maximum. Each man 
is an all-around signalman capable of work- 
ing on all types of equipment. We have 
some men, for example, who are par- 
ticularly adept at case wiring, or are spe- 
cialists in switch machine operation and 
repair. We can take advantage of the skills 
of these men by assigning them that type 
of work whenever possible. This doesn’t 
freeze out others from learning from the 
specialist, because our men generally work 
in pairs. Thus the non-specialist (in one 
type of work) can work with and learn 
from the specialist. 


We have the same number of men doing 
maintenance as we had with maintainers 
working on sections. Because we are able 
to utilize them better, we get a higher type 
of maintenance. ; 
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2) Gang maintenance eliminates seniority 
problems. Under the old system, sections 
with maintainers were geared to a standard 
of the least able man. In other words, the 
bid and seniority requirements for filling 
vacancies made it essential that the main- 
tenance sections be reduced to the lowest 
denominator of capacity to accommodate 
the least qualified man that was eligible 
to bid on the job. This procedure often 
resulted in men with exceptional talents 
being confined to territories where full 
advantage of their talents could not be 
utilized and developed. Such an arrange- 
ment handicaps the signal department and 
does not help the man. 


3) Adequate forces are available for main- 
tenance. ‘The work schedule is not inter- 
rupted by track maintenance, relaying rail, 
installing switches, etc., that take main- 
tainers’ time. When track work is to be 
done, the foreman can assign men to work 
with the track forces, while the rest of the 
gang does signal maintenance. 

If one man needs help on a job, the 
foreman can assign one or several men to 
help him. A maintainer would sometimes 
have to wait several days for a maintainer 
in an adjacent section to be free to help 
him. With the gang system, adequate forces 
are available for major repairs, pole line 
work, small construction jobs, etc., without 
calling in outside assistance. 


4) Supervision, issuing of instructions and 
training of men is improved and simplified. 
One reason, of course, is that the foreman 
can readily get his men together at gang 
headquarters. An assistant supervisor, sig- 
nals and communications, is located at 
Potomac yard and another at Fredericks- 
burg. 

Generally, the maintainers worked alone, 
and the supervisors had to go out along 
the line to see them. This took a great 
deal of the supervisor’s time, especially if 
he spent some time instructing the main- 
tainer. 


5) Men benefit from the knowledge ob- 
tained by construction. Installations of 
various types of new signal equipment 
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using new circuits result in~better qualified 
men to maintain this equipment. 


6) A minimum number of power tools, 
meters, special instruments, test equipment 
and other supplies is required. Fewer 
tools are needed with gang maintenance 
than were required with maintainers on 
sections. For example, only two track 
motor cars are now used (for the signalmen 
and track inspectors who patrol the rail- 
road in pairs). Formerly each maintainer 
had a track motor car. 


7) Relief is not required for men on vaca- 
tion or absent from work on account of 
sickness. 


8) More men are available for correct- 
ing signal faults without territory time 
claims. In case of trouble, the best man 
available is called. A signalman is sent 
out, and he may take an assistant, but an 
assistant signalman is never sent out alone. 
When trouble occurs, the dispatcher or 
others in the operating department call the 
assistant supervisor. If he is not available, 
the foreman is called. He makes the deci- 
sion as to which men go out and repair the 
trouble. 


9) A major personal benefit of the gang 
maintenance system is that members are 
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able to live at home in or near the head- 
quarters. Because our gang headquarters 
are in fairly large communities, homes, 
shops, schools, churches and recreation fa- 
cilities are readily accessible. Generally, 
the men are home every night. ‘This eli- 
minates the need for camp cars and their 
attendant sanitary and cooking facilities, 
as well as a cook. 


10) A competitive spirit and urge to learn 
is apparent in the gangs. As the men 
usually work in pairs, and often in groups 
of three or four, they can learn from each 
other. It is especially beneficial to the 
younger men as it gives them the oppor- 
tunity to work with experienced men. A 
man takes pride in his workmanship be- 
cause he knows his work will be seen, and 
he will receive recognition for good work. 
An esprit de corps or team spirit is created, 
especially as each gang wants to be the 
best gang. 


11) Work is planned by the foreman with 
a minimum of routine. In most cases a 
report is turned in one day, and the work 
is done the next day — unless it’s trouble, 
which is handled immediately. A big 
advantage is that no time is wasted. ‘The 
foreman instructs the man or men on 
the job to be done, including what is 
expected. 


[ 625 .162 (73) ] 


Crossings are safer after 10 years. 


(From Railway Signalling and Communications. January 1960.) 


Fatality rate at railroad-highways grade crossings dropped from 4.4 per-day in 1948 


to 3.7 per day in 1957. 
to 67 million. 
period. 


with flashing-light signals only or flashing-light signals with automatic gates. 


This was in the face of an increase in motor vehicles from 50 
The number of crossings remained steady at about 226 000 through this 
During the last 10 years, over 14.000 of these crossings have been equipped 


Over 


twice as many crossings have been equipped with flashers alone as with those equipped 


with flashers and gates. 


Also noted in this 10-year period is the increasing tendency 


of public bodies such as states, cities and towns, to share in the cost of installing new 
and improved forms of protection at grade crossings. 


The trend in recent years has been for 
more cooperation between railroads and 
the local municipalities concerning the 
grade crossing protection problem. ‘The 
main concern has been to make crossings 


safer, yet not unduly impede the flow of 
vehicular traffic. Another problem has 
been that of . replacing watchmen with 
automatic protection equipment. 

An example of such close cooperation to 


Ten years of highway-railroad grade crossing protection. 


Number of crossings equipped 


Total 
number 
of crossings 
equipped 


Flashing-light 
signals 
only 


railroads 


Source of funds for number 
of 
crossings equipped 
Flashing-light 
signals with 
automatic gates Public 


Railroad Joint 
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provide improved protection is the Chicago 
& North Western, which recently complet- 
ed a two-year program involving 330 grade 
crossings in eight states. Studies were made 
of each crossing concerning street traffic, 
train movements, switching operations, sta- 
tion stops and other circumstances. Sketches 
and photographs of the existing crossings 
were also used. Based upon all this infor- 
mation, a proposal was prepared as apply- 
ing to each project. Then a conference 
was held with the traffic engineer or the 
city council of the municipality in which 
the project was located. In such a con- 
ference, a_ resolution was prepared to 
authorize the mayor to sign a joint stipula- 
tion which was sent to the state commerce 
commission. If the commission approved, 
an order authorizing the project was issued. 


If city authorities opposed the proposed 
improvement, the railroad appealed to the 
state commission to hold an official hear- 
ing. Then a decision and order was 
rendered by the commission. 


In most instances, the city authorities 
approved of the improved form of protec- 
tion (gates to replace watchmen or wig- 
wags) proposed by the railroad. Also, in 
most cases, they agreed that automatic con- 
trol, which is on the job « round-the- 
clock », is better and more reliable than 
manual operation or manual control. 


What were once busy streets may now 
have relatively light vehicular traffic. So 
that now, most railroads work with city offi- 
cials in making extensive studies of vehi- 
cular traffic flow. In some instances, cities 
have closed a street with light traffic, where 
parallel streets exist. ‘This reduces the 
overall cost of a project and in some inst- 
ances enables the railroad to install com- 
plete automatic controls with speed _ selec- 
tion to differentiate between high and low 
speed trains. Such a project was installed 
by the Gulf, Mobile & Ohio at Auburn, 
Ill. Of seven parallel streets crossing the 


railroad, gates with flashing-light signals 
were installed at three crossings. Barriers 


were erected across four streets at the 
tracks. The C.&N.W., working with the 
city of Morrison, IIl., installed automatic 
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gates with flashing-light signals, with com- 
plete automatic control and speed selection 
at five street crossings. Barriers were erect- 
ed at four other street crossings. At Cen- 
tralia, Ill., the city allowed the Illinois 
Central to close 12 street crossings with 
barriers. In addition one grade separation 
with a highway underpass was constructed; 
gates and flashers were installed at four 
streets, and flashers only installed at six 
street crossings. 


RAILROAD 


800 


600 


TOTAL CROSSINGS 


FLASHING - LIGHT 
SIGNALS ONLY 


FLASHING - LIGHT SIGNALS 
WITH AUTOMATIC GATES 


Top chart: sources of crossing funds. 


Bottom: type of protection installed. 
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In some areas, street traffic as well as 
rail switching moves have been reduced 
and changed in nature. Manual gates, 
operated part time, have been im service 
for 60 years or more at some crossings 1m 
industrial areas. But modern flashing-light 
signals with automatic control in service 
round-the-clock are better protection now. 
This was done at nine crossings in one area 
of Chicago, Ill. 


Speed selection has made complete auto- 
matic control practical. An objection to 
automatic control in the past has been that, 
in some instances, such as during switch- 
ing moves, gates are down and delay street 
traffic, when no train movement over the 
crossing is imminent. To overcome this 
objection, most railroads install selective 
speed control schemes, time distance cut- 
outs, restarts, etc. The C.&N.W., for 
example, improved protection at nine cros- 
sings in Wheaton, Ill. Speed selection con- 
trols utilize timing sections for speed ranges 
as follows: 1) above 65 m.p.h., 2) 65- 
5Zaea.p-l 3): 52-37 “mpi, “) below 
37 m.p.h. When station stops are involved, 
speed ranges also include 37-28 m.p.h. and 
28-17.5 m.p.h. In addition to these speed 
selection controls, push-buttons at the cros- 
sings enable switching crews to raise gates 
if they stop short of the crossing and are 
not in a timing section. 


In some instances railroads have changed 
their schedules so that switching by local 
freights is not done during periods of peak 
vehicular traffic. At Carroll, Iowa, where 
automatic gates had been in service for 
years, at three street crossings, one reason 
for supervisory manual control was to clear 
the gates for street traffic when through 
freights were stopped to set out or pick up 
cars. By establishing rules and fixed way- 
side signs designating the points beyond 
which standing portions of trains must be 


left, the automatic controls were revised 
so that no further manual control was 
required. 


As seen from the graph, the number 
of crossing projects paid for by joint rail- 
road and public funds has been increasing 
over the last 10 years. With the tremen- 
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dous increase in vehicular traffic, munici- 
palities have recognized the need for im- 
proved protection and, more important, the 
responsibility for sharing installation costs 
with the railroads. Several states, such as 
Illinois, have long recognized the need for 
improved protection and have been prompt 
to supply state funds to help pay for these 
projects. 


C. & N.W. experience from their two-year, 
330-crossing program, has been that where 
the form of protection was improved in 
character, for example, gates to replace 
wigwags, the local or stade funds at certain 
locations paid part. At De Kalb, IIL, 
automatic gates were installed at six cros- 
sings to replace manually controlled wig- 
wags. The total estimated cost was 
$ 203 839, of which $89 241 came from 
government funds. At one crossing in Des 
Plaines, Ill., automatic gates were installed 
to replace flashing-light signals. The total 
cost was $12840, of which $11072 was 
paid by government funds. 


In recent years, the railroads have con- 
tended that the public as highway users 
should share in the cost of maintaining 
crossing protection equipment. One of 
the first states to recognize this responsi- 
bility has been Virginia. The sharing of 
maintenance costs applies to all « automa- 
tically operated gates, wigwag signals and 
other electrical or automatic crossing de- 
vices at highway grade crossings outside 
of cities and incorporated towns ». The 
railroads work out an agreement with the 
State Highway Commissioner. If unable 
to come to an agreement on the mainten- 
ance costs, the railroad can petition the 
Virginia State Corporation Commission for 
a hearing, after which the Commission de- 
cides the issue. 


Just recently the North Carolina legis- 
lature passed a law requiring the State 
Highway Commission to pay one-half the 
costs of maintaining railroad grade cros- 
sing protection equipment. The law 
applies to the more than 500 signals now 
in the state (previously maintained by the 
railroads) and to any that will be instal- 
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led in the future. It is estimrated that such 
maintenance costs will be over one-quarter 
of a million dollars a year. 

In the years 1949-1958, flashing-light sig- 
nals only were installed at 10012 highway- 
railroad grade crossings, according to fig- 
ures furnished by the railroads to Railway 
Signaling and Communications each year. 
Flashing-light signals with automatic gates 
were installed at 4228 crossings. Sources 
of funds in this 10-year period were as 
follows, according to number of crossings 
equipped : railroad-6 934; public-1 302; joint 
(railroad and public)-6 004. 

‘Two major factors contributed to the 
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growth of crossing protection installations 
over the last 10 years. One was the 
increase in motor vehicles. The second 
was the return on investment that can be 
realized from highway crossing protection 
equipment. _ The C.& N.W. will realize a 
$2 million saving every year in wage costs 
by retirement of crossing watchmen and 
gatemen. This saving is approximately 
59 % annually on the capital invested 
by the road. At Kenilworth, Il, the 
C.& N.W. spent $29 375 to install auto- 
matic gates to replace manual gates. ‘The 
wage savings is $17 358 annually, which 
is 68 % on the cost every year. 
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Inspector’s car speeds yard operation. 


RF &P uses track car to expedite train inspections ; 
it makes possible on-the-spot decisions by supervisor. 


(Railway Locomotives and Cars, April 1960. 


Assignment of special track for use 
of important freight trains 


New car inspection and repair service 
techniques have enabled the Richmond, 
Fredericksburg & Potomac to reduce yard 
delays at Richmond, Va., by at least 65 %. 
Assignment of one yard track for use by 
a special car foreman’s track car makes it 
possible to get maximum utilization of man- 
power, materials, and tools while simul- 
teneously keeping train detentions to a 
minimum. It makes possible direct super- 
vision of inspections and repairs which go 
on along the mile-long freights which the 
R.F. & P. operates over its line. 

Interchange inspections on manifest 
trains, including repairs, such as rebrassing, 
and operations, such as the closing of hop- 


by track car has expedited the inspection 
at the R.F.& P. Richmond yard. 


per doors, are frequently completed in as 
littl as 30 min with trains of up to 
125 cars. From Richmond, these trains 
then move over the 107-mile R.F.&P. 
main line to Potomac Yard in Alexandria, 
Va., where they are classified for movement 
to northern cities. 

Because there is almost no classification 
necessary on northbound trains, blocked as 
they are by the A.C.L. and S.A.L. at points 
south of Richmond, the R.F.& P.’s Rich- 
mond car inspection operation is compar- 
able to that performed at intermediate ter- 
minals on longer railroads. When it comes 
to the actual mechanics of this operation, 
the road has displayed real ingenuity. 
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Foreman can make rolling inspection of train 
from operator’s position on track car. Walkie- 


talkie enables him to contact yardmaster, 


The R.F.&P. purchased a Fairmont 
A-3 gang car, which has now been fitted 
with running boards, tools, materials, flood- 
lights and radio to make it a rolling car 
foreman’s office, toolroom, and stores faci- 


lity. During those periods of the day 
when northbound manifests follow one 
another into Richmond yard, this track 


car makes it possible for the car foreman 
to move his men and tools from operation 
to operation with minimum delay. At the 
same time, this arrangement makes pos- 
sible direct supervision and on-the-spot de- 
cision by the foreman. 

While the goal of « spot » car repair 
systems set up by many railroads recently 
has been « taking the work to the man », 
the theme of the R.F.& P. Richmond oper- 
ation might be summarized as « taking the 
man to his work ». ‘This does not mean 
that walking is eliminated; the R.F.&P. 
still gives trains the scrupulous on-the- 
ground inspection possible when pairs of 
inspectors simultaneously walk and check 
both sides of a train. It does mean that 
inspectors are delivered by the track car 
at intervals along a train so that inspec- 
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tions begin at several points on an arri- 
ving train almost simultaneously. 

Prior to the arrival of a train, the yard- 
master tells the foreman of its arrival, 
length, and track assignment. This can 
be done over the yard speaker system, or 
on the walkie-talkie radio which the track 
car carries. ‘The standard procedure is to 
assign one yard track almost permanently 
to the car department and to bring all 
incoming manifest trains in on the two 
tracks which flank this one. The track 
used by the track car is adequately pro- 
tected so no switching moves can be made 
over it. 

With up to eight car inspectors available, 
the foreman assigns segments of an incom- 
ing train to pairs of these inspectors. The 
car repair facilities at Richmond yard are 
at the south end and an incoming north- 
bound train pulls past this point. It is 
here that the car foreman usually has his 
inspectors board the track car. With a 
120-car train arriving, he will leave the 
first pair of inspectors at the point where 
the caboose can be expected to stop. He 
will then proceed north along the train 
as it pulls in, giving it a quick visual 
inspection and leaving pairs of inspectors 


from 
which inspector can check trucks and under- 
frames of cars while track car moves along. 


Folding running boards provide location 
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Special lock protects tracks used by inspection 
car. Other end of mile-long yard track is 
protected by towerman who operates switch. 


at 30-car intervals. When the train finally 
stops, inspections can begin at four points 
along the length of the train. 

If one team of inspectors finds a car 
which needs a new brake shoe or other 
work which can be done without cutting 
the car out, they stop their inspection and 
go ahead with the repairs. ‘This means 
that other men will then complete the 
inspections originally assigned to the first 
pair. Stocks of materials, such as brake 
shoes, brasses, pins, and keys, are stocked 
in material boxes along the track and are 
also carried on the track car. 

When the job requires materials, tools, 
floodlights, or a decision by the foreman 
as to whether a bad-order car is to be 
repaired in the train, inspectors signal the 
foreman who comes to the point on_ his 
track car. If it is necessary to make a 
set-out, the foreman calls the yard office 
with his walkie-talkie. Early detection of 
bad orders frequently enables the switcher 
to cut the car out while it is changing 
cabooses, or before the R.F.& P. road loco- 
motive has been coupled to the train. 

Once inspection has been completed, the 
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track car can be used to bring inspectors 
back to the car repair track. They can 
then go back to work on bad-order cars, 
or be ready for assignments on other incom- 
ing trains, or on cuts of cars which are 
delivered to the yard and inspected in 
more conventional fashion. The track car 
is frequently used to move men and tools 
back and forth through the yard, even 
though through freights are not involved. 


Utlization of a track car as the R.F. & P. 
has done has the following advantages : 

it eliminates walking to widely dispersed 
assignments, increasing productive time; 

it makes possible close supervision of 
these dispersed operations and _ simplifies 
their coordination; 

it provides a mobile radio station which 
makes it unnecessary for each inspector to 
carry a walkie-talkie; 

it provides a quick way to transport tools 
and materials, as well as men, over a wide 
area; 

it reduces train detentions which assists 
in holding and gaining traffic. For a short 
road like the R.F.& P., per diem charges 
can be greatly reduced. 


Lights, brackets, racks and running boards were 


installed on Fairmont gang car by R.F.&P. 
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Work-hardening bolt holes in rail ends. 


A method of countering star cracking aggravated 


stress 


by high shear 


in rail fishbolt holes, 


by S. Wise, M.I. Mech.E., A.I.M. 


(The Railway Gazette, April 29, 1960.) 


Although relatively few rail failures 
occur on British Railways, it has been 
the custom for several years now to pre- 
pare detailed statistics on those failures 
which do occur. This analysis of rail 
failures has shown that the most fre- 


roughly 90° from each other. ‘These cracks 
are potentially dangerous if allowed to 
grow undetected, because if the two upper 
cracks run into the head of the rail com- 
plete separation of part of the running 
surface about 8 in. long may occur. 


Work-hardening process in operation on wing rail. 


quently occurring type of failure is that 
classified as « 4d » which takes the form 
of radial cracking from one or both bolt- 
holes known as star cracking as shown 
in the illustration overleaf. ‘The cracks 
follow a path at 45° to the axis of the 
rail; there are usually two from a_ hole 
but quite often four are found, spaced at 


High stress concentration. 


The Research Department of British 
Railways has paid very considerable atten- 
tion to this form of failure. Analysis of 
the stress system in the rail shows that 
the cracks are due to high shear stress in 
the web aggravated by the presence of 
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the fishbolt hole which introduces a stress 
concentration factor of four at the sur- 
face of the hole. 

The use of short-gauge-length electrical- 
resistance strain gauges has made it pos- 
sible to measure stresses at the bolt holes 
in rails in the track during the passage 
of trains. Many thousands of such mea- 


30 fs 
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Fatigue tests. 


While the field stress measurements 
have been in progress, fatigue testing of 
sample rails drilled with fishbolt holes 
has been carried out in the laboratory; 
more than 100 such tests have been made. 
The star cracking type of failure has been 
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NUMBER OF CYCLES To PRODUCE CRACK AT BOLT HOLE 


Results of fatigue tests on 109-Ib. f.b. rails after 12 months’ exposure 
to corrosion in industrial atmosphere. 


surements have now been made on diffe- 
rent sites and under a variety of different 
forms of traction, and much useful infor- 
mation has been obtained. 

There is evidence to suggest that in- 
creased stresses are induced in the bolt 
holes by the passage of locomotives with 
relatively small driving wheels, so that 
any method of increasing the ability of 
rails to resist star cracking becomes a 
matter of considerable importance. 


reproduced in the fatigue testing machine 
and the fatigue strength of the drilled 
rail in the new and corroded state estab- 
lished. Various methods of improving 
the fatigue strength of drilled rails have 
been tested; these have included improy- 
ing the surface finish of the hole, reduc- 
tion in hole diameter (as practised by the 
French National Railways), and the use 
of a thicker web f.b. rail. The greatest 
improvement has been obtained by work- 
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hardening the surface of the holes, by 
initially drilling undersize followed by 
broaching or drifting with a spherical tool 
to the required size. 

So far the initial reduction in hole 
diameter has been 3/64 in. (from 1 3/16 in. 


Radial cracks forming a Class « 4d » failure 
i £.D etal, 


to 1 9/64 in.) for 109 Ib. per yd. f.b. rail; 
the work hardening has been done in a 
press using tools of the type illustrated, 
and has resulted in increasing the fatigue 
strength of the rail by 50 %, a figure 
which is maintained after exposure to 
corrosion. Results of these tests are 
shown in the curves on the preceding page. 

Trial lengths of rails with work- 
hardened bolt holes were laid two years 
ago in Dove Holes ‘Tunnel, London Mid- 
land Region, and the Severn Tunnel, 
Western Region, where, because of the 
wet conditions which prevail, the life of 
rails is very short, and the corrosive 
influences present may accelerate the 
occurrence of star cracking at the rail 
ends. The rails have since been removed 
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and shortly will be subjected to fatigue 
tests to determine how well they have 
withstood service under the severe con- 
ditions which obtain in these tunnels. 


Rails laid in switches and crossings are 
also susceptible to star cracking failures 
and for this reason it has been decided 
to apply the work-hardening process to 
crossing rails. Experiments have been 
made at the works of Taylor Bros. (San- 
diacre) Ltd. with a large crossing for 
Derby Station, London Road _ Junction, 
fabricated in 95 Ib. b.h. rail. All the 
holes in these rails, with the exception 
of stretcher-bar holes in the switch blades, 
were work-hardened, including those for 
driving-fit bolts. For these the tool was 
specially designed to give a finished bolt 
size correct to within + .001 in. after 
allowing for elastic recovery in the hole. 


No trouble was experienced in work- 
hardening any of the holes, including 
those where the axis is inclined to that of 
the rail. Several hundred holes were 
treated without noticeable wear of tools. 


Tools of the type used for work-hardening 
fishbolt holes. 
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North American road overbridge design. 


Claimed to be a durable and cheaply-maintained structure. 


(The Railway Gazette, February 5. 1960.) 


The double-track main line of the sub- 
sidiary of the Canadian Pacific Railway, 
the Soo Line, passes under Silver Lake 
Road just to the east of the city of Min- 
neapolis, in a rapidly developing area. The 


in consultation with the highway authority 
has designed and built a new overbridge 
for H-20 vehicle loading, 113 ft. long and 
30 ft. wide between curbs. It has a 39 ft. 
central span flanked on each side by a 


it 
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CORRUGATED 
ETAL PIPE SLEEVES 
’O” LONG. FILLED 

WITH CONCRETE 
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124 DIA.X 4 
THICK PILES 


View along bridge centre-line of one of the Armco pipe line-trestle bents. 


overbridge concerned has hitherto consisted 
of a timber-trestle structure with wooden 
plank decking 20 ft. wide, and steeply 
inclined approach embankments. It had 
become very costly to maintain and _ its 
piles were posted and needed replacement. 
Moreover, loads crossing it were limited 
to 10 tons, whereas the road traffic, now 
heavy and fast, serving the increasing po- 
pulation, demanded a much stronger, wider 
and more suitable bridge. 

Consequently, the railway administration 


32 ft. approach span, all three spans on 
the level. The highway authority has built 
up the approach banks with easy gradients 
to suit the new bridge. 

The superstructure of each of the three 
spans consists of eleven 24 WF 76 R.S.B. 
stringers spaced approximately $ ft. apart 
carrying 7-gauge trapezoidal _ transverse 
Armco steel corrugated sheets 2 ft. wide 
and cut to 31 ft. 1 1/2 in. lengths to form 
the decking. The corrugated sheets are 
secured to the R.S.Bs. by fillet welding, 
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two l-in. welds being made through holes 
in the troughs over each of the beams. The 
troughing of the sheets was filled with hot 
plant mix asphalt spread and compacted in 
layers. The asphalt was carried up to 
minimum depths of 3 in. in the centre of 
the 30 ft. roadway and 1 in. at the curbs. 
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rows of five in each pier are 40 ft. in 
length driven into the soil about 20 ft. 
In both piers and abutments the outer 
piles were driven on a batter of 1 1/2 in. 
to 1 ft., the remainder being vertical. After 
driving, the piles were filled with con- 
crete having reinforcement tied in with 


View of pier with corrugated metal collars at ground level filled 
with concrete to protect piling from corrosion. 


The guard or hand railings are of Armco 
Flex-Beam held by angle-posts 6 ft. 3 in. 
apart. 

The superstructure is supported on R.C. 
capping over piles; the concrete block abut- 
ments are each carried by five piles, and 
the pier caps are 3 ft. deep and 30 ft. 
long and each rests on ten piles. All the 
piles are Armco welded steel pipes 12 3/4 in. 
outside dia. and 1/4 in. thick. Those under 
the abutments are 30 ft. long, and the two 


that in the concrete caps. As a protection 
against corrosion the pier piles are sur- 
rounded by 12-gauge corrugated pipe sleeves 
at ground level 21 in. in dia. and 3 ft. long 
filled with concrete. 

Apart from painting, maintenance is ex- 
pected to be light and the cost of this 
bridge is stated to be about £ 14130 or 
£ 40 2's.: a’ sq. it. sof Sroad esurtaceit. Triegs 
capable of carrying the heavy and fast 
vehicular traffic of today. 


al 
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Blanketing and drainage at Lapworth, 
Western Region. 


Enlargement of cess and installation of pre-cast channel drain ; 


retaining wall of 6-in. 


(The Railway Gazette, 


to 9-in. 


in Weldmesh crates. 


August 21, 1959.) 


stone 


Completed retaining wail, showing concrete channel drain. 


Blanketing and drainage work was car- 
ried out recently at Lapworth, British 
Railways, Western Region, in a deep clay 
cutting which was showing signs of minor 
slips in one or two places, whilst a number 
of springs near the toes of the slopes dis- 
charged a continual flow of water on to 
the cesses. 


Crumbling dry stone wall. 


The bottom of the cutting slope adjacent 
to the down relief line was supported by 
a dry stone wall which was crumbling badly 
because of the earth pressure behind it and 
the constant flow of spring water through 
it. The cess at this point was extremely 
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narrow, with clay up to the bottom of 
sleeper level making it almost impossible 
to maintain properly the top or correct 
cant on the relief line. 


Diversion of spring water. 


Several improvements were necessary. 
The most important was to intercept the 
spring water and divert it away from the 
permanent way. This was achieved by 
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the existing wall could be used to provide 
part of the filling for the gabions. Second, 
speed of erection was most important be- 
cause of the unstable nature of the slopes, 
especially if the weather had been wet. 
Once the Weldmesh crates had been posi- 
tioned on a 6-in. bed of concrete they 
could be filled with stone reasonably 
quickly even with unskilled labour. 
Finally, it was essential that the gabion 
wall, besides supporting the slope, should 


Weldmesh crates filled with stone. 


lowering and widening the cess to as near 
the standard dimensions as possible and 
installing a pre-cast concrete channel drain, 
using Taunton standard units. To carry 
out these measures the toe of the slope 
had to be cut back and a new retaining wall 
provided. 


Gabion wall. 


The decision to build a gabion wall was 
influenced by several factors. First, from 
an economy point of view, the stone in 


allow the spring water to pass freely 
through it into the channel drain. 

Ten chains of wall were dealt with in 
this manner, using B.R.C. Weldmesh crates 
2 ft. 9 in. square by 57 in. and 48 in high 
filled with 6 in. to 9 in. stone. To com- 
plete the work the permanent way was 
deep re-ballasted throughout and the form- 
ation graded to the channel drain. 

The work was carried out under the 
direction of the Chief Civil Engineer of 
the Western Region, Mr. M. G. R. Smith, 
MCB. EBs GoeM LC ke 


= 
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Ride tests seek loading data. 


(Railway Age, November 23, 1959.) 


Ride-analysis train consisted of engine and caboose for train crew, a combination car for 
the test crew and instruments, and two gondolas with special staging permitting 70-ton rail 


loads to be carried at varying centers of gravity. 


This test run was made with a 70-in. 


C.G. Car near combo has long-travel springing; car near caboose has | 5/8-in. spring travel. 
Tests were made on D.L. & W. main freight line. 


A new system of ride analysis has been 
developed by A.A.R.’s Research Center in 
Chicago. Basically similar to the inertial 
guidance systems used to stabilize missile 
platforms, the A.A.R. device measures and 
records roll and pitch at selected locations 
on a moving Car. 

A series of test runs charting charac- 
teristics of differing centers of gravity has 
been completed this month. ‘The test runs 
were made on the main freight line of the 
Delaware, Lackawanna & Western between 
Hoboken and Denville, N.J. (R.A., Nov. 16, 
p. 7). Figures on vertical and lateral acce- 
leration and displacement for varying loca- 
tions and loads were obtained. 


To be used in T.O.F.C. studies. 


« We are applying this method of measu- 
rement to some of our clearance studies », 


says W. M. Keller, A.A.R. vice-president 
of the research department, « and we 
expect to use it in connection with pigey- 
back shipments >». 

These data will be used in studies of 
clearance requirements, the effect of car 
motions on loads, and ride characteristics 
related to design of trucks, springing and 
track. 

The new system for measuring ride char- 
acteristics was developed by the Research 
Center laboratory staff, under the super- 
vision of Director of Engineering Research 
G.M. Magee. Randon Ferguson, A.A.R. 
electrical engineer, was largely responsible 
for initiating the new method of measuring 
absolute vertical and lateral displacements 
simultaneously. Mr. Ferguson was in charge 
of the test trains. 

The test equipment consisted of accelero- 
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meters and gyroscopes mounted in two test 
cars, from which they sent test data in 
the form of electrical impulses to recording 
instruments. Two D.L. & W. gondolas were 
used for test cars. A D.L. & W. combina- 
tion car, in which the instruments were 
mounted, carried the test staff. 

The two gondolas were provided with 
timber staging to permit loading approxi- 
mately 70 tons of rails in each car at any 
of several different centers of gravity. “The 
first test run was made with the center of 
eravity high. Successive runs lowered the 
center of gravity, and the final test measur- 
ed motion under no-load conditions. One 
gondola was equipped with long-travel 
springing (3 11/16 in.) for a soft ride; 
the other had short-travel (1 5/8 in.) 
springing. 

Accelerometers to measure vertical and 
lateral acceleration and displacement were 
set up. Each car had two lateral accelero- 
meters, one mounted high and one low, 
to measure possible differences in sideward 
motion at the top and bottom of the load. 
A single vertical accelerometer was mount- 
ed low on each car. ‘These were all of 
the Wheatstone bridge type, providing elec- 
trical signals according to the varying re- 
sistance set up by the movement being 
recorded. 

Signals from the accelerometers were 
amplified and filtered (to take out un- 
related high-frequency vibration) and fed 
to two recording oscillographs, one for the 
long-travel spring car and one for the 
short-travel car. Impulses from the accelero- 
meters were also fed to an oscilloscope for 
continuous viewing of the pattern of move- 
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ment. A 35-mm camera attached to the 
oscilloscope was set to record the scope 
screen automatically at one-second intervals. 
The oscilloscope was switched from car to 
car at selected points en route. 


What oscillographs recorded. 


Each oscillograph had pens recording 
six separate items: vertical acceleration, 
lateral acceleration, vertical displacement, 
lateral displacement on the low accelero- 
meter, lateral displacement on the high 
accelerometer and a reading from a gyro 
unit showing the degree of body roll caused 
by track curvature.. A speed recording tape 
and a speedometer were also hooked up, 
and test assistants recorded speed on curves 
and in other special conditions on the 
oscillograph roll. Milepost numbers were 
also added on the oscillograph and speed 
recorder charts. 

The tests were held between milepost 5 
out of Hoboken and Denville (milepost 34). 
On two of the runs, the train continued 
past Denville over the old main line to 
Washington, to gather data on conditions 
on secondary track. Outbound tests were 
run at slow speed: 5-20 m.p.h. Inbound, 
the tests were run at speeds up to 60 m.p.h. 

Three stops were made en route to mea- 
sure static lean on curves with respective 
superelevations of approximately 2 1/2 in., 
4 in. and 6 in. These static figures will be 
correlated with the dynamic data. Indivi- 
dual railroads will eventually be able to 
figure dynamic results for particular types 
of equipment by making static lean tests 
and applying conversion figures. 


NEW BOOKS AND PUBLICATIONS. 
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Oberbautechnik und Oberbauwirtschaft (Technique and maintenance of the superstructure), 
by Ministerialrat Dr.-Ing. Habil. G. SCHRAMM, Oberbaureferent Deutsche Bundesbahn.— 
One volume format Dines, A5, 330 pages of text, 28 pages of references, 22 tables and 210 
illustrations. — 1960, Otto Elsner Verlaggesellschaft, SchOfferstrasse, 15, Darmstadt (Price : 


DM 30.—). 


For the first time in German technical 
literature, we have in a single volume a 
description of the superstructure and the 
regulations for its maintenance. 

The first part (218 pages) gives the scien- 
tific bases for making and establishing the 
track, which include in particular the re- 
sults of research work and trials carried out 
in Germany and abroad; this deals in parti- 
cular with questions relating to the stressing 
of the track, concrete sleepers and long wel- 
ded rails. In connection with the rails, 
sleepers, accessories and ballast, the author 
discusses both the design and the method 
of manufacture and utilisation. ‘The rail 
fastenings used in the most representative 
countries are carefully described and ana- 
lysed. ‘The main features of the design 
of points are clearly described, and a spe- 
cial chapter is devoted to the control mea- 
sures to be carried out on the line by the 
most up to date processes. 


The second part (112 pages) deals with 
the general principles and organisation of 
the maintenance of the permanent way as 
well as the drawing up of the annual pro- 
erammes. The work is set out in such a 
way as to be universally applicable, without 
regional distinction; however, examples ta- 
ken from actual D.B. practice give some 
idea of the size of the operations consi- 


dered. In the chapter dealing with the 
carrying out of the work, much space has 
been given to mechanisation. To con- 
clude, the question of the organisation of 
the work in the permanent way depots is 
gone into, as well as the principles to be 
followed in getting in supplies. 

This book, which is well planned and 
pleasant to read, is not only an invaluable 
didactic work intended for use in the tech- 
nical schools, but will also be of great ser- 
vice to experienced technicians. Although 
the 22 tables appended, covering various 
data, are based almost exclusively on the 
practice of the German Federal Railways, 
they also include much intormation which 
could be used directly or for purposes of 
comparison on railways in other countries; 
this remark applies in particular to the ma- 
chines used, which are almost internatio- 
nalised types. 

The bibliography includes some 400 refe- 
rences collected from the technical press to 
which the author refers on many occasions 
so as not to make his own reports unduly 
long. In addition, the advertising matter, 
collected together at the end of the book, 
directly covering the material dealt with, 
is aso of the greatest interest to the reader. 


AJ. 
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LAMALLE (Ulysse), Civil Engineer (Mining), A.I. Lg. Honorary General Manager of the 
Belgian National Railways, Emeritus Professor of the Railway Operating Course at the 
University of Louvain. — Railway Operating. Volume III : The permanent way. Part I : 
The ballast — The sleepers — The rails — The track installations — Slewing and translatory 
motion. — 3rd edition. — One volume (8 1/4 x 9 7/8 in.) of 288 pages with 370 figures. — 
1960, Librairie Universitaire Uytpruyst, publisher, 10, rue de la Monnaie, Louvain. 


M. LAMALLE has brought out the third 
edition of Volume III, devoted to the Per- 
manent Way, of his important work on 
Railway Operating. 

Based on the same general lines as the 
previous edition, which was published in 
1951, this book studies in turn the various 
constituents of the permanent way: the 
ballast — the supports for the rails, sleep- 
ers or longitudinal supports — the rails 
and the track installations. 

In each case, the author goes into the 
history of the question, describes the. suc- 
cessive solutions adopted, discusses the 
advantages and drawbacks, and stresses the 
evolution that has occurred during the last 
few years. 

We may mention in this connection the 
description of the prestressed concrete sleep- 
ers used by the D.B. and on the S.J., and 
the definition of the U.I.C. rail profile. 

The studies and results of experience 
which are of capital importance as regards 
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the way the track will stand up to service 
are also mentioned, in particular in con- 
nection with the thermal equilibrium of 
rails, ultrasonic tests to find internal de- 
fects in rails and undulatory wear. 

The development of long welded rails is 
also the subject of a very full documented 
report. 

M. LAMALLE deserves our gratitude not 
only for preparing this minutious inven- 
tory of the processes and new technical 
methods perfected in connection with the 
permanent way, @ field where such great 
progress has been made during recent 
years, but also for having integrated all 
these facts in his usual masterly way within 
the framework of a Railway Operating 
Course, which is already so well known 
as to need no further recommendation, 
thus forming a source of information of 
particular value for all those interested in 
railway science. 

Re Ss 


Vereintes Europa auf der Schiene (A united Europe through the medium of the railway). — 
Published under the auspices of Professor Dr. jur. HM. OEFTERING, Chairman of the 
Management Committee and First Chairman of the Deutsche Bundesbahn and Dipl. Eng. 
H. GEITMANN, Chairman of the D.B., with the collaboration of numerous German and 
foreign authors. — 1958-59, Darmstadt, Otto Elsner Verlagsgesellschaft.— Format DIN A 4, 


240 pages with numerous illustrations. 


This publication, issued under the 
auspices of European co-operation, deals 
with the great financial, technical, com- 
mercial and legal problems which confront 
the Railway Administrations. 


Here is collected together under the 


signatures of notable personalities of the 
transport world, a great number of notes 
showing the present position, stressing the 
progress realised and pointing out the 
objectives still to be attained in the various 
fields of railway activity. 
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Financial, general administrative and rat- 
ing problems are dealt with first of all. 
These are introduced in two notes written 
by Professor Dr. jur. H.M. O&FTERING, 
Chairman of the Management Committee 
and First Chairman of the Deutsche Bun- 
desbahn, Chairman of the U.IC., and 
Mr. Ir. E. DESORGHER, Assistant Honorary 
General Manager of the S.N.C.B. and 
Chairman of the IIIrd Commission of the 
U.LC., which show the need for effective 
government action in the co-ordination of 
transport, in order to put the railway on a 
sound basis, whilst enabling it to modernise 
and rationalise its equipment. 


The following articles dealing with tech- 
nical problems, show very strikingly the 
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efforts already made in this direction by 
the railways: development of electric and 
Diesel methods of traction, automation, im- 
provement of the stock, introduction of bet- 
ter international services. In all these 
questions, the effectiveness of close interna- 
tional co-operation, not only between the 
Railway Administrations, but also between 
the builders of railway rolling stock, is 
clearly brought out. 

Finally, an article reporting the achieve- 
ments and objectives of the O.S.Sh.D. 
(Organisation for Railway Collaboration) 
stresses the close co-operation already exist- 
ing for several years between the Railway 
Administrations of Eastern Europe and cer- 
tain Asian Administrations. R. S. 


Management Report of the « Union d’Entreprises Suisses de Transport », for the year 1959. — 
One brochure (8 1/4 x 11 1/2 in.) of 78 pages, illustrated. — 1960, Union d’Entreprises 


Suisses de Transport, Bundesgasse, 28, Bern. 


The « Union d Entreprises Suisses de 
Transports » has just published its report 
for the year 1959. 

Examining first of all the overall results 
for the year, the report concludes that there 
has been a slight improvement compared 
with the year 1958, both in the field of 
freight transport and passenger transport. 
However, it is advisable to wait for the 
publication of the official statistics to ex- 
press an accurate statement on the situa- 
tion. 

It then studies the repercussions of the 
decree of the 19 December 1958 on railway 
accounts on the presentation of the operat- 
ing accounts of the undertakings. This 
decree introduced the idea of « the prin- 
ciple of the gross accounts » and includes 
in the operating account, the ordinary sink- 
ing fund charges and the total amount 
paid by the Confederation in return for 
the obligations laid on the railway in 
favour of the general economy. As a result, 
there are however certain difficulties in 
making a comparison with the pre-1958 
and subsequent statistics, and such compa- 


6 


risons must only be made with the greatest 
caution. 

The main technical renovations carried 
out by the various undertakings, as well 
as the rationalisation problems with which 
they are faced, are also the subject of a 
general report. 

The report ends with a detailed state- 
ment of the current activities of the Union, 
in the legal, technical and tariff fields, 
as well as the systems of operating and 
the markets. 

It concludes by stressing that if the law 
of the 20 December 1957, which made pro- 
vision for assistance from the Confedera- 
tion and the Cantons both as regards tech- 
nical improvements and the covering of 
deficits has led to a certain improvement 
in the financial position of the undertak- 
ings, it also imposed upon them the obliga- 
tion to take steps to make their operating 
more economical, by means of a rational 
system of management, and to increase 
their output, and it suggests that these 
general problems should be studied by the 
Union itself. Res 
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Activité et productivité de la S.N.C.F. en 1959 (Activity and Productivity of the S.N.CF. in 
1959), — Published by the French National Railway. — One brochure (8 1/4 x 10 1/2 in.) 


of 32 pages, with maps, diagrams and tables. 


The S.N.C.F. has just issued a pamphlet 
giving the main results of its working dur- 
ing 1959. 

In the preface, Mr. DAarGEou, General 
Manager of the S.N.C.F., stresses the in- 
creased productivity of the S.N.C.F., the 
result of the rationalisation and modernisa- 
tion of all sorts so tirelessly carried out. 
He sees therein the justification for the 
policy pursued by the S.N.C.F. for several 
years and the capital investments agreed to. 
He concludes by stressing the determina- 
tion of the S.N.C.F. to continue to carry 
out its modernisation programme, which 
will enable it to absorb the increasing 
amount of traffic to be expected as a result 
of the evolution of the situation towards 
a new expansion of French economy. 


The decline in freight traffic, which 
began in 1958, was intensified in the first 
months of 1959, but the situation then 
improved, so much so that taken as a 
whole, the 1959 traffic was on the same 
level as that of 1958. In the case of the 
passenger traffic, the 1959 traffic was more 
or less the same as that of 1958. 


The staff has been reduced slightly, 
whereas its productivity (traffic units per 
working hour), which declined slightly in 
1958, once again reached the record level 
of 1957 (110.4). 


The traction conversion, based mainly on 
the development of electrification, is always 
the major item in the modernisation pro- 
gramme of the S.N.C.F. Two hundred 
and eighty-three kilometres of lines were 
electrified in 1959, either with industrial 
frequency single-phase or with D.C. The 
traffic on the electrified lines by the end 
or 1959 amounted to 53 % of the total 


traffic, electric traction thus coming for 
the first time top of the list compared with 
steam traction and Diesel traction. 


However, dieselisation has been continu- 
ed and extended to the shunting services 
and small lines, average lines and even 
to the main lines. The stock of Diesel 
units has been increased in particular by 
the first combined 1 300-1400 HP _ loco- 
motives. 


These changes in traction have resulted 
in an increase of about 11 % compared 
with 1958 in the power productivity of 
the S.N.C.F. (number of traffic units assur- 
ed by each kilogramme of coal equivalent). 


The fixed installations on their side 
have been the object of numerous improve- 
ments, thanks to the introduction of more 
modern techniques, in particular in the 
case of the safety installations and telecom- 
munications. The permanent way is also 
being modernised very rapidly by the use 
of long welded rails, which by the end of 
1959 had been laid on nearly 5600 km. 


In the operating field, mention must be 
made of the increase in the average speeds 
of the passenger trains, the creation of 
new services (the replacement of railcars by 
electric trains on the Paris-Lille line had 
the effect, in particular, of increasing the 
traffic on this line by 24 % compared with 
1958), the increase in the number of sleep- 
ers and 2nd class couchettes available, im- 
provements as regards the regularity and 
speed of the freight trains. 

The pamphlet is completed by a series 
of diagrams, maps and _ statistical tables, 
showing the activities of the S.N.C.F. as 
a whole. 


eS 
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